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Abstract: The method of calculating the surface roughness parameters for an external cylindrical 
grinding is considered. The offered calculation relations are taken account of production mode 
parameters, the grain size of the grinding wheel and the change of state of the tool working 
surface during machining. This allows to assess the impact of multipass grinding process and to 
predict the kinetics of changes in surface roughness.  
 
Keywords: cylindrical grinding, machining surface, roughness calculation  
 
1. INTRODUCTION  
 
The main parameters of quality of the processed surface is its roughness and depth of 
the  defective  layer.  Usually  the  determination  of  roughness  parameters  is  added  up  to 
tabulation of the profilogram and further calculations in the tables, for example, with the help 
of computer. 
The processes of grinding have a complex stochastic nature, which leads to disorder of 
indicators  of  quality  of  products  and  does  not  allow  to  use  all  possibilities  of  finishing 
methods.  Microrelief  of  grinded  surface  in  the  workpiece  material  is  a  combination  of 
mappings of the transient surfaces which are formed by the movement of cutting edges in the 
space of the workpiece. Forms of unit scratches are determined by the forms of cutting edges 
and the peculiarities of their contact with the material surface.  
Analytical  relations  for  definition  of  the  most  important  parameters  of  a  surface 
roughness, under the condition that the describing the ordinate random process is stationary 
and normal, are obtained in works of Yu. Vitenberg, A. Husu, Yu. Linnik and a number of 
other researchers. Roughness parameters were calculated using the correlation functions. The 
form of the function was considered well-known, and its coefficients are determined on the 
basis of experimental studies of grinding process. 
Principles  of  forecasting  the  most  important  parameters  of  a  surface  roughness 
depending  on  technological  factors  are  considered  in  papers  [1,  2].  In  [2],  where  the 
calculation  of  roughness  parameters  is  made  on  the  basis  of  functionals  obtained  in  the 
theoretical analysis of the processes of forming surfaces, known relations are considerably 
refined taking into account influence of the processes occurring in a dynamical system.  
The developed approach is presented first of all applied to a one-dimensional evaluation 
of average roughness (arithmetic mean deviation of the profile)  a R  which is the main in the 
nomenclature  of  amplitude  roughness  parameters  in  standards  of  the  International   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Organization  for  Standardization  (ISO  4287:1997;  in  Ukraine  it  is  also  DSSU  ISO 
4287:2012), the American Society of the Mechanical Engineers (ANSI / ASME B46.1-1995), 
the Russian Federal Agency on Technical Regulating and Metrology (GOST R 25142-82) and 
other leading national and international subjects of development a supranational technological 
structure for economic progress of modern civilization. Objects of attention of the fulfilled 
elaboration  are  also  widely  used  in  the  international  and  national  practice  such  one-
dimensional roughness amplitude estimates as profile maximum peak-to-valley height  max R  
and profile peak-to-valley deviation by ten points  z R . In accordance with a certain preference 
of  a R  parameter to use for roughness estimate (GOST R 2789-73, etc.) its consideration is the 
main in the work performed. 
 
2. BASIC RELATIONS FOR Ra CALCULATION 
 
 
Arithmetic mean deviation of the profile  a R  is calculated [2] as: 


  
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where in the formulas of the (1)-(6):  c K – coefficient of chip formation (it shows that not the 
whole  material  is  removed  from  the  scratch,  and  part  of  it  is  displaced  and  forms  the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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overstating along the scratch edges);  g n  – the number of grain vertices on the unit of the 
surface of wheel working layer;  u H  – the value of the layer of the wheel working surface in 
depth for calculation of the  g n
 number of abrasive grains;  () PM  – the probability of material 
removal;m и     – indices of the power characteristic;  g   – radius of rounding for the top of 
abrasive grain;  Vk  –speed of grinding wheel;  u V  – speed of workpiece;  e D  – equivalent 
diameter;  r   – radial removal of material from the workpiece surface.   
The structure of equations (1) and (2) and the value of indicator of the degree are similar 
to exponential function existing in the literature, but unlike them, they reflect the physical 
nature of the process of forming and correspond to the dimensional theory.  
 
3. BASIC RELATIONS FOR Rmax AND Rz CALCULATION  
 
Profile maximum peak-to-valley height  max R  and profile peak-to-valley deviation by ten 
points  z R  are calculated on the depth of the layer in which the surface roughness is distributed 
( max R ) and mathematical expectations of the distances from the upper boundary of layer up to 
five highest points of the profile and the distances from the lower boundary of layer up to the 
five lowest points of the profile ( z R ).For a stationary process, which is close to normal, we 
can be considered that the distances from the upper boundary of roughness layer to the most 
protruding tops of the profile are distributed according to the laws similar to the distribution 
of the distances from the hollows to the lower boundary of roughness layer. In this case the 
mathematical expectation values of  max R  and  z R  parameters are defined [2]  as  
3/2
max
2
[ ] 2
3 ( )
uf
g k u э
Vt
M R H
n V V L D
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
;                                         (7)  
3/2
[ ] 2,95
()
uf
z
g k u э
Vt
M R H
n V V L D


.                                         (8) 
where  f H t r     – value layer of surface roughness (the size of the transition area between 
the material and the environment).  
 
4. STATEMENT OF THE RESEARCH PROBLEM  
 
One of the main parameters of the tool working surface, which is large extent influence 
the characteristics of roughness of the workpiece processed surface, is the rounding radius of 
the grain top  g  . According to D. Wakser [3], G. Ippolitov [4] and other researchers [5, 6], 
radius at the top of the grain depends on the material of abrasive grain, method of production, 
grain size, mode of  tool dressing.   
The current rounding radius depends on its initial state, conditions of contact of the 
abrasive grain with the processed material, cutting mode and time of a tool work. With the   
increase  () g  increases regularly, and rounded wear area appears at the top of the grain in a   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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plane which is perpendicular to the vector of the cutting speed, and there is a blunting of the 
abrasive grain.  
However, according to the above exhibited (1), (2), (5)-(8) relations for the calculation 
of  a R ,  max R   and  z R   roughness  parameters  does  not  take  into  account  the  transformation 
process of the cutting part of the abrasive grain during grinding.  
Considering these relationships as a base with reflecting the work of abrasive tools in 
some initial state, for example, after a pre-dressing, we'll enhance their taking into account 
changes of the radius of the grain rounding and state of the working surface of the tool during 
its operation.   
 
5. TO  PROVIDE  AN  IMPROVED  RELATIONS  FOR  Ra,  Rz  AND  Rmax 
CALCULATING 
 
In the general case it can be write that  
0 ( ) ,
g gg K                                                (9) 
where  
g K  – coefficient acceptant into account change of rounding radius of grain in the 
process of work of the abrasive tool;  0 g  – the  initial rounding radius of the grain top.  
 
Таble 1: Initial radius of rounding tops of abrasive grains 
0 g   
The authors 
The granularity according to GOST R 3647-80 and ISO 8486-
1,2:1996(Е) 
16  25  32  40  50  63  80  100  125  160  200 
F80  F60  F54  F46  F36  F30  F24  F20  F16  F12  F10 
The basic size of abrasive grains  g B , µm 
160  240  315  400  500  630  800  1000  1250  1600  2000 
The initial radius of rounding tops of the grains 
0 g  , µm  
 A. Baykalov  [7]  13  19  –  28  –  –  –  –  –  114  – 
E. Maslov  [8]  11  17  25  –  41  –  –  76  –  –  – 
A. Murdasov [6]  –  19  –  30  –  –  68  –  97  115  130 
D. Wakser  [3]  14  21  –  30  –  –  –  –  –  –  – 
A.Korolev [1]  12  –  –  –  –  48  –  –  93  119  149 
T. Bozhko  [9]  13  19  27  28  38  –  60  –  –  –  – 
 
For the implementation of practical calculations it would be preferable to use of the 
characteristics of abrasive material given in GOST R 3647-80 or in ISO 8486-1,2:1996(E), 
such as granularity or the base size of the abrasive grain  g B . On the basis of analysis of 
experimental data that is presented in the works of several authors was compiled Tab. 1 with 
reflect in it the dependence of the initial radius of rounding tops of the grains from the size of 
the abrasive grain  g B .  
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The experimental dependence obtained on the basis of data given in Tab. 1 has the 
form:  
0
0.955 0.0535 gg B    ,                                             (10) 
where  g B  – the basic size of abrasive grains to GOST R 3647-80 and ISO 8486-1,2:1996(E), 
m.  
Approximation  of  a  power-
law dependence was carried out by 
the least squares method.  
In the Tab. 2 it is shown the 
comparison of the mean values of 
the experimental data in Tab. 1 and 
the values calculated by the formula 
(10). Graphically this comparison is 
shown  in  Fig.  1.  Check  on  the 
coefficient  of  correlation  and  the 
Fisher  criterion  showed  the 
adequacy  of  the  proposed 
dependence (10). 
 
Таble 2: Comparison of experimental and calculated values of the rounding radius 
0 g   of the grain 
tops  
Source 
The granularity according to GOST R 3647-80 and ISO 8486-1,2:1996(Е) 
16  25  32  40  50  63  80  100  125  160  200  16 
F80  F60  F54  F46  F36  F30  F24  F20  F16  F12  F10  F80 
The basic size Вg of abrasive grains, µm 
160  240  315  400  500  630  800  1000  1250  1600  2000  160 
The rounding radius 
0 g   of the grain tops, µm 
The average 
value of the 
experimental 
data in Tab. 1 
12.6  19  26  29  39.5  48  64  76  95  115.3  139.5  12.6 
The 
calculating by  
(10) 
12.8  19.4  24.5  30.7  38.1  47.6  59.6  74.3  92.4  115.4  143  12.8 
 
With the account of (10) dependence (9) takes the form 
0
0,955 ( ) 0,0535 ,
gg g g g K K B                                          (11) 
As shown in [2], for any point of the profile of the abrasive grain (Fig. 2) the radius of 
curvature in the polar coordinate is calculated by the equation: 
 
Figure 1: Comparison of the calculated (1) and 
experimental (2) dependences between a radius 
0 g   at the 
top of the grain and the basic size Вg of abrasive grains   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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3
22 2
22
( , ) ( , )
( ) .
( , ) 2 ( , ) ( , ) ( , )
gg
g
g g g g
RR
R R R R
   

       
    
  
                        (12) 
 
When  combining  of  the  pole  of  the  polar 
coordinate with  the center of curvature of the top of the 
grain, for angles in neighborhood of  0    , the radius-
vector of the initial profile is 
0 g  , and its current value is  
0 ( , ) (1 ( , )) ( , ),
cos
gg
Hu
R

  

        


    
where     – polar angle of the points of the profile of the 
grain top;   u  - distance from maximum  hollows of the 
initial profile to the center of curvature of the initial 
profile of the grain top. 
The current radius of the grain top is calculated on 
the  current  radius-vector  and  its  first  and  second 
derivatives by equation (12) with  0    : 
                
0
00
2 ()
( ) ,
A
g A
g
gg
B Be
e
A BA



 


                                         (13) 
where  0()
;. ku h V V
A B H u
H

 
     
The coefficient 
g K  acceptant into account change of rounding radius of grain in the 
process  of  work  of  the  abr asive  tool  can  be  represented  as 
0
()
,
g
g
g
K



 
or  after  the 
conversion: 
00 ( ) ( )
0.955 2
0,955 0.955
00
18,692 (0,0535 ( )(1 ))
,
(0.0535 (1 ( ) ) ( )( ) )
k u k u
g
h V V h V V
HH
g
g k u k u g
H B H u e e
K
B h V V h V V H u B



 
         
      

    
           (14) 
where   0 h  – is the relative depreciation of the abrasive material;    – time of work of the 
abrasive tool.  
 
Figure 2: Scheme for  the calculation 
of change of  the contour of the 
abrasive grain   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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In  Fig.  3  it  is  shown  the  graphics 
allowing to evaluate the impact time of the 
work of grinding wheel on the change the 
radius of rounding the top of the abrasive 
grain.  
Depending  on  the    number  g n   of 
grains per the unit of of the grinding wheel 
included in (1), (2), (4)-(8), also in many 
respects is defined by the basic size  g B  of 
abrasive  grains.  At  the  same  time,  the 
existing  experimental  data  show  about  a 
substantial change of the number of cutting 
edges for the period of the durability of the 
tool. Some portion of the abrasive grains 
will be destroyed or to removed from the 
grinding wheel for  each contact with the 
processed  material  due  to  the  limited 
strength  of  abrasive  grains  and  their 
fastening in the tool. At the same time new 
cutting edges lying in the deeper layers of 
the  tool  will  come  into  operation. 
Therefore, in general case, it can be wrote  
0 ()
g g n g n K n                                                     (15) 
where 
g n K – is the coefficient acceptant into account the change in the number of abrasive 
grains on the surface of the wheel in the period between dressings;  
0 g n  – the initial amount of 
abrasive grains on the working surface of the wheel.  
At [10] the initial quantities of abrasive grains on the surface of the grinding wheels 
0 g n , 1/м
2, were determined with the account of the content  g V % of abrasive grains in the 
wheels,  the basic size  g B  of abrasive grains according to GOST R 3647-80, structure and 
hardness ( g V  45% for grinding wheels with the structures of 5...6 and hardness [4]),  and 
implemented by the approximation of the method of least squares that allowed to obtain the 
dependence of:  
0 g n 0,62· g B
–1,99.                                        (16)  
Таble 3: Comparison of the calculating values of the initial amount 
0 g n  of abrasive grains 
Source of 
calculated values  
 
The granularity according to GOST R 3647-80 and ISO 8486-1,2:1996(Е) 
16  25  32  40  50  63  80  100  125  160  200 
F80  F60  F54  F46  F36  F30  F24  F20  F16  F12  F10 
The basic size Вg of abrasive grains, µm  
160  240  315  400  500  630  800  1000  1250  1600  2000 
 
Figure 3: Impact time   of the work of grinding 
wheel on the change the radius  () g  of rounding 
the top of the abrasive grain for different values of 
the basic size of abrasive grains  g B    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The amount  
0 g n  of abrasive grains,
0 2 1 , g n
mm
 
[10]  23.2  9.2  5.7  3.56  2.28  1.44  0.89  0.57  0.366  0.224  0.144 
(16)  22.4  9.4  5.6  3.57  2.29  1.44  0.89  0.57  0.369  0.226  0.145 
 
In the Tab. 3 it is given a comparison of 
the number of grains per 
1 mm
2 calculated according to [10] and the 
calculating  values  by  formula  (16). 
Graphically  this  comparison  is  shown  in 
Fig. 4.  Check  on  the  coefficient  of 
correlation  and  the  Fisher  criterion  showed 
the  adequacy  of  the  proposed  dependence 
(16).  
With  the  account  of  (16)  the  formula 
(15) takes the form  
–1,99 0,62· · ( ) .
g g n g n K B                      (17) 
In  work  [2]  it  is  obtained  the 
dependency  which  allows  to  calculate  the 
change in the number of grain for the period 
between dressing of the abrasive tools: 
0 ( ) (1 ) k gg
g g p
pp
zz
n n P
PP
 

     

 ,       (18) 
where  g z  – is the number of abrasive grains 
that are entering in the work at the contact  i  
of the tool with the surface;  p P  – probability 
the destruction of grain;  k v  – frequency of 
rotation of the grinding wheel;   - work time 
work after dressing.  
In the general case,  g z  depends on the 
number  0 g n  of grains on the surface of the 
instrument after dressing, law the distribution 
of  the  grain  in  depth  of  grinding  wheel, 
radial wear of grinding wheel, durability of 
fastening of grains and cutting forces arising 
in  the  zone  of  contact,  which  are  random 
variables. So, if the load on the top of the 
grains during grinding does not exceed 4 N, then the probability  p P  of extraction of grain out 
off the bond does not exceed 0.01. With the increase of load probability  p P  is growing: for 
 
Figure 4: Comparison of the dependences 
between the size Вg (grit) of abrasive grains  
and the number of grains per 1 mm
2 surface  
of grinding wheel 
0 g n : 1 – the results of  
calculations by (16); 2 - according to [10] 
 
Figure 5: The influence of the work time   of 
the grinding wheel on the change in the number 
) ( g n  of grains per 1 mm
2 of the surface  of 
grinding wheel for different  g B  values   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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8 z P Í   the probability  0.20 p P  , at  10 z PÍ     0.50 p P  . With the further  z P  increase  p P  
probability is approaching to its maximum value of about 0.87 ( 15 z PÍ  ) [11].  
The coefficient 
g n K  acceptant into account the change in the number of grains on the 
surface of the instrument in the process of its work can be represented as 
0
()
g
g
n
g
n
K
n


 
or after 
the conversion with the account of the dependencies (16) and (18): 
 
1,99
1,99
(1 (1 ) 0,62(1 )
1,613
kk
g
g p p
ng
p g
z P P
KB
P B
       
 


 .                      (19) 
In Fig. 5 it is shown the curves of the influence the time of work on the change in the 
number of abrasive grains  g n  per 1 mm
2 of the working surface of the grinding wheel under 
its work in the mode of blunting.  
 
а  b 
Figure 6: The influence of the time   the work of the grinding wheel on the 
a R  (а) and  z R  (b) parameters of roughness;  320 g B мкм    
Equations  (1), (2), (5)-(8) for the calculation of the characteristics of surface roughness 
will take the following form considering the obtained dependences (11) and (17):  
1,5
3.025 1,5
0
1,017
( ) ( )
gg
uu
a n
с n k и g э m
i
VH
R
K K V V K B D W i r 



   
  when  m rW  ;     (20) 
0,4 0,6 0,605
0,4 0,4 0,2 0,4 0,2
0,544
()
gg
ug f
a
с к и э n
V t B
R
K K K V V D 


           when m rW  ,           (21) 
where                                         
2
1,51 ;
95,254
1,478
()
gg
f
ug
f
c n k u ý
t
r
VB
t
K K V V K D 


                   
(22) 
1.51
2 22.03
0,739 0,546 ;
()
gg
ug
f
c n k u э
V rB
t r r
K K V V K D 

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
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1.5 1.99
max [ ] 2,074
()
g
u f g
n k u э
V t B
M R H
K V V L D
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
;                                  (24)  
1,5 1,99
[ ] 3,747
()
g
ug f
z
n k u э
V t B
M R H
K V V L D


.
                                   
(25) 
In Fig. 6 it is shown curves illustrating the influence of time of work of grinding wheel 
on the parameters of a roughness of the processed surface. 
 
6. CONCLUSION  
 
Feature of the obtained equations (20)-(25) is that the calculations take into account the 
parameters cutting mode, the grain size of the grinding wheel, as well as operational change 
of the working surface of the instrument. It allows to estimate influence on the roughness 
parameters of the large number of passes of abrasive grains on the surface of the workpiece 
under a multistep grinding process. 
The proposed relations allow to predict the kinetics of changes of roughness parameters. 
In equations (24) and (25) implicitly includes the likelihood of removal of material, which is 
calculated with taking into account the roughness of the workpiece and it changes with every 
contact the surface of the workpiece with the instrument. 
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KINEMATICS OF MATERIAL REMOVAL 
AND FORMING OF SURFACE AT GRINDING  
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Abstract:  The mathematical  model of kinematics  of  material  removal  and a  forming of surfaces is 
developed  at  grinding.  Conditions  of  increase  of  productivity  of  processing  are  defined  and  new 
kinematic schemes of high-performance grinding are offered. 
Keywords: grinding, wheel speed, processing productivity, thickness of cut  
 
1. INTRODUCTION 
 
Grinding is one of the main methods of machining of the materials, providing high rates 
of accuracy, quality and productivity of processing [1, 2]. At the same time, its technological 
capabilities fully aren't used due to the lack scientifically reasonable recommendations about a 
choice of optimum modes of cutting taking into account strength properties of a working 
surface of a wheel.  In a special measure it belongs to diamond grinding which owing to 
unique cutting properties of diamond has considerable reserves of increase of productivity of 
processing when providing requirements for quality and accuracy of processed surfaces [3]. It 
is important to know first of all regularities material removal and formation of surfaces at 
grinding at the level of kinematics of microcuts for identification of realization of potential 
opportunities of process of grinding. It will allow to develop high-performance kinematic 
schemes of grinding and to define optimum modes of cutting. Therefore the purpose of work 
is development of mathematical model of kinematics of material removal and a forming of 
surfaces at grinding.  
 
2. MATHEMATICAL MODEL AND THE SETTLEMENT SCHEME THE 
GRINDING PROCESS  
 
The removed allowance is presented in the offered settlement scheme of process of 
grinding by a package of infinitely thin cylindrical covers which under different corners 
enter  into  a  working  surface  of  a  wheel  (fig.  1  [4]).  As  a  result  of  interaction  of 
cylindrical covers with grains, from each cover there is the cutting of metal described by 
probabilistic  function  –  relative  completeness  of  a  profile  of  a  wheel    n y  .  On 
construction structure this function corresponds to the classical relative basic length of a 
microprofile  of  the  processed  surface  [5]  and  considers  probabilistic  imposing  and 
overlapping of projections of grains on each of considered cylindrical covers:    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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where  k - superficial concentration of grains of a wheel, piece/ m
2;  b  - the maximum 
height of a protrusion of tops of grains over level of a linking of a wheel, m;   2  - corner 
at  top  of  cone-shaped  cutting  grain;  pr с V , V  - according  to  the  speed  of  a  wheel  and 
preparation,  m/s;  pr c R / R / 1 1    ;  c R ,  pr R   -  respectively  radiuses  of  a  wheel  and 
preparation,  m;  t i t t T iT      -  cover  coordinate  at  i  contact  with  a  wheel,  m; 
  t n t t T nТ     1 - cover coordinate at  ncontact with a wheel, m;  T t  - coordinate of the 
current infinitely thin cover by which the removed allowance is conditionally presented, 
to m; n - number of passes of a wheel. 
  The  basis  of  the  developed  mathematical  model  of  grinding  is  made  by  the 
analytical decision on the description of border of completion of dispergating by cutting 
grains of the material brought in a zone of cutting, along an arch of contact of a wheel 
with preparation: 
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where  max H  - the maximum thickness of a cut, m; 
extr nT t - coordinate of extreme provision 
of a cover at which the full profile    y n  =0,95 is formed at level  max H , m; 
extr iT t - coordinate 
of extreme provision of a cover at i contact with a wheel, m.  
As shown in fig. 1, this line is drawn 
on  tops  of  microroughnesses  of  a 
processed  material,  has  a  difficult 
configuration,  connects  a  processed 
surface with processed and by analogy to 
blade processing determines the provision 
of  a  conditional  probabilistic  surface  of 
cutting at grinding. Characteristic points of 
border  are  a  basis  for  calculat ion  of 
physical  and  technological  parameters  of 
grinding (the maximum thickness of a cut, 
a  roughness  of  the  processed  surface,  the 
actual  length  of  contact  of  a  wheel  with 
preparation,  etc.).  It  allows  from  uniform 
positions quite unambiguously analytically 
to  describe  regularities  of  process  of 
grinding in all possible range of change of 
depth  of  grinding  (including  ranges  of 
multipass and deep grinding).  
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Figure  1:  The  settlement  scheme  of 
characteristic points of a probabilistic surface 
of cutting at grinding: 1 – wheel; 2 – cutting 
grains  of  a  wheel;  3  –  layer  of  a  residual 
roughness  of  the  processed  surface;  4  –  the 
provision of a probabilistic surface of cutting 
at grinding;     5 – infinitely thin cylindrical 
covers of a removed allowance   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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3. MAXIMUM THICKNESS OF A UNIT CUT AND MICROGEOMETRY  
OF GROUND SURFACE  
 
By calculations it is established that the provision of border is defined by a ratio of 
two parameters – maximum (given probabilistic) thickness  max H  of a cut and grinding 
depth  t. In a case  t <  max H   (multipass grinding) the border accepts approximately a 
symmetric  form  of  rather  axial  plane  of  grinding,  in  a  t> max H   (deep  grinding)  –  an 
asymmetric form. 
By  calculations  it  is  established  that  the  percent  of  working  grains  for  a  case 
t> max H ; makes about 50%, and for a case t< max H  – 5 … 10% (i.e. grains pass almost "a 
trace in a trace" that as it will be shown above, is an important reserve of increase in 
productivity of processing). 
In  a  case  t> max H   analytical  dependence  for  definition  of  provision  of  border 
assumes a simple air 
                                 6
t
t
H H T
max  ,                                                       (3) 
where  T t – the coordinate of the current elementary (infinitely thin) cylindrical cover by 
which the removed allowance is conditionally presented in the settlement scheme, m. 
Respectively, parameters  of border  max H  and  max R  (parameter  of  a  roughness  of 
processing, m) are described by analytical dependences 
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,                                   (5) 
where  X -  granularity  of  a  wheel,  m;  m-  volume  concentration  of  grains  in  a wheel 
(dimensionless size). 
 
Table 1: Calculated values of thickness of a cut  max H   (basic data:  pr R =8010
-3 m;  c R =15010
-3 m; 
X =0,22510
-6 m; m =100;  c V =30 m/s;  pr V =1 m/min; t =0,110
-3 m) 
Authors  F. Novikov   E. Maslov   G. Lurye   A. Reznikov   Experiment data 
max H , мкм  14,7  0,007  0,12  1,1  10,5 
   
  Shown in tab. 1 values of thickness of the cut given in tab., received on settlement 
dependences  of  a  number  of  authors,  show  on  a  big  divergence  of  settlement  and 
experimental  data.  For  example,  for  the  settlement  dependence  offered  by  prof. 
E. Maslov this divergence exceeds 1000 times. The most correct result is received with 
use of dependence (4). The divergence of calculated and experimental values available   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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here  max H   (to 40%) is connected with that in kinematic model of process of grinding 
wear  of  grains  of  a  wheel    isn't  considered.  For  the  purpose  of  specification  of  the 
received results settlement dependences which contain the new dimensionless parameter 
Н / х   defining degree of linear wear of grains and changing within 0 … 1 (for "sharp" 
grain    0, for become blunted    1) are established: 
                         
 
33 0 2 5 0 5 0 3
1
1 630
,
c
, ,
pr
max V m
t V X
H


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;                         (6) 
                               
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

 
 


.                              (7) 
  Taking into account parameter   ( >0) values also decrease. Therefore, decreases 
(and  even  it  is  eliminated)  a  divergence  between  calculated  and  experimental  values 
max H   (tab. 1). Comparison of experimental values of the maximum thickness of chip 
with the corresponding calculated values of parameter  max H  showed their approximate 
coincidence at  =0, 2 (tab. 2). It follows from this that the accounting of size of linear 
wear of grain x (by means of parameter ) in settlement dependences allows to bring the 
theory and practice of grinding into accord. 
 
Table 2: Calculated values  max H  and experimental values of the maximum thickness of chips in 
mm (m =100;  X =0,210
-6 m;  с V =30 m/s;  pr R =0,02 m;  с R =0,15 m) 
No. 
Grinding modes    Maximum 
thickness of chip, 
mm 
t, mm  pr V , m/min  0  0,2  0,5 
1  0,05  0,5  0,0130  0,010  0,0071  0,013 
2  0,05  0,8  0,0154  0,0124  0,0034  0,013 
3  0,05  1,0  0,0167  0,0135  0,0091  0,013 
4  0,05  2,0  0,021  0,0170  0,0115  0,013 
5  0,1  0,5  0,0148  0,0119  0,0081  0,014 
6  0,1  1,0  0,0187  0,0151  0,0102  0,015 
7  0,1  2,0  0,0236  0,0191  0,0129  0,014 
8  0,2  0,5  0,0167  0,0135  0,0091  0,015 
9  0,2  1,0  0,0210  0,0170  0,0115  0,017 
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4. STUDY, DISCUSSION AND PROSPECTS FOR THE IMPLEMENTATION OF 
GRINDING PRODUCTIVE POSSIBILITIES  
From  all  the  entering  into  dependences  (6)  and  (7)  parameters,  the  greatest 
influence  on  max H   and  max R     renders.  It  indicates  a  prevailing  role  of  size    in 
formation of the key physical and technological parameters of grinding and confirms the 
made  hypothesis  of  effective  management  of  grinding  process  on  the  basis  of  size 
regulation  . For its realization the greatest possible productivity of processing caused 
by strength properties of a working surface of a wheel is determined, i.e. at the fixed 
(limit) area of cross section of a cut by separate grain   
  




   
1
1
5 0
2
max H , S  and  =0: 










 
 
  
 


2
0
2 5
3
3 2 450
2
n
i
/
iT
nТ
max c t
t
H t
X
В V m
Q
 
,                              (8) 
where  B  - width of a wheel, m. 
  Values of the parameter defining percent of working grains, are given in tab. 3. 
 
Table 3: Calculated values   at  max H =1010
-6 m 
t10
-6, м  1  5  10  50  100 
 ,%  6,65  15,25  43,19  44,0  44,0 
 
  It  is  theoretically  established  that  generally  processing  productivity  Q  with 
increase  in  depth  of  grinding  t changes  on  extreme  dependence, passing  a  point  of  a 
minimum  (fig.  2).  Preparation  speed  t B / Q Vpr     thus  continuously  decreases.  It  is 
proved  that  depth  of  grinding  Qis  equal  in  a  minimum  point  t  to  parameter max H .  It 
corresponds  to  transition  from  the  scheme  multipass  ( max H t  )  to  the  scheme  of 
traditional deep grinding ( max H t  ). 
From  the  physical  point  of  view  the  minimum  of  productivity  of  processing  Q 
under a condition  const S   is caused by existence of the shortest on the chip length  l   
(considering  productivity  of  processing  proportional  l S     )  as  with  increase  and 
reduction of depth of grinding t, since value t= max H , length of chip  l   increases. In the 
first case – at the expense of increase in length of an arch of contact of a wheel with 
preparation, in the second case – at the expense of increase  pr V . 
The carried-out analysis of known methods of diamond and abrasive grinding showed 
that all of them, as a rule, realize a condition  t= max H , i.e. a minimum of productivity of 
processing Q.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Obviously,  for  abrasive  grinding  it  is 
effective  since  at  the  expense  of  action  on 
grains  of big loadings  the mode of intensive 
self-sharpening of a wheel is provided and its 
high cutting ability is maintained. For diamond 
grinding this condition results in the increased 
wear  of  a  wheel  that,  actually,  and 
predetermines low efficiency of application of 
diamond wheels at high-performance grinding 
and inexpediency of their use instead of usual 
abrasive wheels at removal of big allowances. 
  The  received  extreme  dependence 
t Q   defines  kinematic  conditions  of 
essential  increase  of  productivity  the 
processings consisting in realization of new 
ratios  between  parameters  t  and  max H  
( max H t  , max H t  ), i.e. in realization of the 
left  and  right  branches  of  dependence  (fig. 
2).  
   
 
 
 
On this basis the new ways of grinding realizing the left branch of dependence are 
developed  t Q .  They are based on application of schemes multipass (fig. 3a) and deep 
(fig. 3c) round external grinding with rather high speed of the preparation close to speed 
of a wheel;  schemes of deep round external grinding by the wheel periphery with rather 
small speed of preparation and big longitudinal giving (fig. 3e);  schemes of deep round 
external grinding with rather small speed of preparation and additional tangential high-
frequency movements of a wheel of big amplitude (fig. 3b);  schemes of deep flat face 
grinding  with  use  of  additional  high-frequency  oscillating  motions  of  a  wheel  or 
preparation in the direction, perpendicular to the direction of giving of a wheel (fig. 3d). 
It is established that efficiency of grinding in this case is caused by passing of 
grains almost "a trace in a trace" and possibility of increase  max H  at the fixed value  S   
(i.e. the loading operating on grain) that allows message processing with a high speed of 
a wheel  с V  – to 600 m/s and above.   
800
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Figure 2: Dependence grinding perfomance 
Q on grinding depth t . Basic data: m = 100; 
X =0,210
-3 m; B = 22,510
-3 m;   =17 m
-1; 
c V = 30 m/s; 1 - S = 400 mkm
2;  2 - S = 900 
mkm
2; 3 - S = 1600 mkm
2; 4 - S = 2500 mkm
2   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
22 
Application  of  such 
conditions  will  provide 
increase in productivity of 
processing  by  10  times 
and more that will well be 
coordinated  with 
experience  of  leading 
machine-tool  constructing 
firms  which  came  for 
creation of grinders with a 
speed of wheel up to 300 
m/s.  Implementation  of 
the  offered  schemes  of 
grinding  assumes 
development  of  the  new 
machines  providing  big 
speeds  of  a  wheel  and 
preparation.  It  will  allow 
to  change  the  content  of 
grinding  operations 
cardinally. 
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Abstract: The problem of diagnosing the actual depth of cut at cylindrical grinding is considered. 
A mathematical model of the behavior of the grinding wheel and the workpiece during processing 
is worked out. According to this model it is produced a synthesis the model of the Luenberger 
observer  with  the  Kalman  filter  to  control  the  process  of  external  cylindrical  grinding.  The 
developed approach is to improve the accuracy of control and the related with them computational 
procedures of assessment and management.  
 
Keywords: grinding, control, model, Luenberger observer, Kalman filter  
  
1. INTRODUCTION  
 
The quality of work pieces depends both on the part blank and processing technology, 
and technological system (TS) properties. Grinding operations research shows that as a rule at 
the initial time choosing the right characteristics of a tool, cutting mode, optimal grinding 
cycle assembling provide set-up parameters of accuracy and quality of the detail surface. 
However,  not  only  the  nominal  values  of  these  parameters  influence  the  performance 
properties of the products but their deviations that significantly increase during the production 
system  operation.  The  presence  of  abnormalities  is  the  reason  of  perturbation  actions  in 
technological process caused by instability of TS parameters. In addition instability of detail 
parameters is defined by exposure in the production process of TS of the changing external 
factors some of which are unknown and aren’t controlled during processing. This problem is 
particularly acute for finishing operations, where quality parameters of finished products are 
finally formed and which are the most sensitive to perturbation actions [1]. 
In the under present-day conditions near 15 ... 20% of finishing operations are carried 
out by means of external cylindrical grinding. Operations are projected with use of traditional 
methods  not  fully accounting the influence of  random  factors that reduce the stability of 
manufactured products quality indicators. For quality index stabilization technological modes 
are assigned on the basis of adverse conditions, for example, the cutting properties renewal of 
worn grinding wheel is made much earlier than that it requires a real state. 
There are used the deterministic models of the technological process, traditional ways of 
diagnostic and management in forecasting the condition of the TS. With that grinding process 
is complex stochastic nature, which leads to the spread of products quality index.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2. PROBLEM STATEMENT  
 
Thus, for the process of finishing work it is a task of diagnosis as the need to define a 
number of parameters of the TS in the processing, including those that are not available for 
direct  measurements,  what  is  the  purpose  of  this  article.  These  parameters  include,  for 
example,  the  actual  cutting  depth,  which  is  largely  determined  by  the  laws  of  material 
removal  and  wear  of  the  abrasive  tool.  Its  evaluation  task  (diagnostics),  and  therefore  a 
number of other process parameters can be solved using the theory of dynamical Luenberger 
observers and experience of its application in developments of process control systems of flat 
grinding [2-4]. According to this experience, besides really existing dynamic object (Fig. 1, 
the upper part of the scheme), in the scheme of dynamic diagnostic for grinding there are 
included a dynamic model of the object, the unit of assessments (evaluator), the Kalman filter, 
the shaping filter, which operates in the mode of the real time.  
  Interaction  between  the 
grinding  wheel  and  work 
piece  is  primarily 
characterized  by  the 
parameters  of  the  grinding 
wheel  and  work  piece  form, 
and  their  relative  position; 
elastic,  damping  and  other 
properties  of  the  TS  [1].  To 
develop  the  grinding  wheel 
and  work  piece  behavior 
model  during  machining  we 
are  giving  the  mathematical 
description of the process that 
characterizes  the  interaction 
between  the  grinding  wheel 
and work piece.  
 
3. MATHEMATICAL MODEL OF WORKING CONTACT DYNAMICS  
 
As the mathematical model of the grinding wheel can be considered a rotating disk, and 
circumference in one-dimensional representation. The center of rotation inevitably doesn’t 
coincide with the center of the shape, which determines the imbalance of the wheel, what is 
usually explained by the appearance of periodically varying forces generated during grinding. 
In addition, the surface of the wheel doesn’t have an ideal geometry. There can be detected 
well-formed and random deviations of form  and waviness with amplitude, frequency and 
phase changing for the tool life period. 
Interaction scheme for the external cylindrical grinding process has the form shown 
in Fig. 2.  
 
 
Figure 1: The scheme of stochastic diagnosis   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  Model  of  this  system  (Fig.  2)  can  be  constructed  on  the  base  of  the  d'Alembert's 
principle  in  the  form  of  differential  equations  set  describing  the  movement  dynamics  for 
centers  of  the  wheel  and  work  piece,  and  change  of  the  actual  cut  depth  in  the  external 
grinding: 
1 1 1 1 1 1 3 3 1 1
2 2 2 2 2 2 3 3
0,
0,
ff
ff
m x h x c x h t c t hS c S
m x h x c x h t c t
        
       
   
  
        (1) 
where   1 m ,  2 m  – are reduced masses of the work piece with bench centers and wheel with 
spindle respectively;  i h  – is coefficient of resistance of  i  segment;   i с – is coefficient of 
rigidity of  i  segment; x1  and x2 – are coordinates of wheel and work piece movement center 
respectively; S –  is feed mechanism  path per time t;  tf  – is actual cutting depth.  
Actual  cutting 
depth  (size  of  the 
contact  zone  between 
work  piece  and  tool  on 
the  center  line) 
according  to  Fig.  2б  is 
defined as  
L r R t
f    ,             (2) 
where  R R R    0   –  is 
current  radius-vector  of 
the wheel surface taking 
into  account  its  wear 
and  shape  deviations 
R  ;  r r r    0 –  is 
current  radius-vector  of 
the  work  piece  taking 
into  account  material 
removal  and  shape 
deviations  r  ; 
1 2 0 0 x x L L L L        
– is the current distance 
between  the  rotation 
centers  of  wheel  and 
work piece.   
With  a  glance  of 
f t  identification (2) and 
its  constituent  elements 
the system (1) will be 
 
a  
 
b 
Figure  2:  The  equivalent  scheme  of  external  grinding  machine 
dynamic system in initial position (a) and in cutting contact (b)  
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1 1 1 1 3 2 1
1 1 3 0 0 0 2 1
2 2 2 2 2 2 3 2 1
3 0 0 0 2 1
( ) ( )                        
( ) ( ) 0,
()
( ) 0.
m x h x S h R r x x
c x S c R R r r L x x
m x h x c x h R r x x
c R R r r L x x
       

          

       
         
      
     
     (3) 
Set of equations (3) in deviations for the initial position of the work piece, Fig. 2a, at the 
start of its contact with the tool ( 0 0 0 r R L   ; 0 0  S ; 0 10  x ; 0 20  x ; 0  f t ) can be written: 







     
       
       
       
. 0 ) ( ) (
) ( ) (
, 0 ) ( ) (
) ( ) (
1 3 1 3
2 3 2 3 2 2 2 2 2 2
1 1 2 3 2 3
1 3 1 3 1 1 1 1 1 1
R x c R x h
r x c r x h x c x h x m
S c S h r x c r x h
R x c R x h x c x h x m
 
    
  
    
   
  (4) 
As a consequence of the wheel and the  work piece rotation variations of geometrical 
dimensions have periodic or nearly periodic nature, which explains the appearance of internal 
excitation forces, and which substantially determine the dynamics of the grinding process. For 
the further analysis it is reasonable the dynamical system (4) to reduce to the form 
1 1 3 1 1 3 1 3 2 3 2
1
3 3 1 1
11
2 2 3 2 2 3 2 3 1 3 1
2
33
2
1
[ ( ) ( ) ]
11
[ ( ) ( )] [ ],
1
[ ( ) ( ) ]
1
[ ( ) ( )].
x h h x c c x h x c x
m
h R r c R r hS c S
mm
x h h x c c x h x c x
m
h R r c R r
m
         


       


        


    
 
  
  
  
 
              
(5) 
The  first  components  on  the  right-hand  sides  of  the  relations  correlation  (5)  are 
components with derivatives of the wheel and the work piece center deviations that depend 
directly on the internal generalized coordinates (geometric and kinematic) of the dynamical 
system.  The  second  components  reflect  the  influence  of  wheel  and  work  piece  form 
deviations. The third component of the first equation in the system (5) reflects the impact of 
penetrating way and grinding wheel feed on a dynamical system. 
 
4. JOINT MODEL OF CONTACT AND OBSERVATIONS  
 
With  designations  2 3 4 2 3 1 1 2 1 1 , , , x y y x y x y y x y             the  system  (5)  can  be 
reduced to the normal Cauchy form [5]   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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      
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  

        


     

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
  


 
   
and can be logged via matrix form:  
  0 0 0 0 0 Y A Y B C U         ,                     (6) 
To  solve  the  problems  of  process  dynamics  modeling  it  is  appropriate  to  write  the 
relation (6) in conjunction with the equation of observation. 
In matrix form of state space the system becomes: 
          
0 0 0 0 0
0 0 0 0 0
0 0 0
,
,
,
Y A Y B C U
Z E Y F V
T Q Z
     
   

 
                       (7) 
where   
                                                                                                         
 
11 1 3 1 3 3 3
1 1 1 1 22
0 0 0 0 01 02
33
44 3 3 2 3 2 3
2 2 2 2
0 1 0 0
, , , ,
0 0 0 1
yy c c h h c h
m m m m yy
Y Y A B B B
yy
yy c h c c h h
m m m m

                                      


 


    
 
11 12 1
0 0 0 0 0
21 22 2
1 0 0 0
, , , , 1 1 ,
0 0 1 0
f
f f v
F V T t Q
fv
Å
f
    
            
    
 
0 Y  – is vector (column-matrix), which represents the system status vector;   0 Y   – is vector of 
system status derivatives;  0 A  – is matrix characterizing the dynamic properties of the system;  
0 B  – is matrix of parameters of work piece and wheel form deviations influence;  – is state 
vector of work piece and wheel form deviations from nominal parameters;  0 C  – is matrix of 
processing management;  U  – is vector of control actions connected with cross-feed;  0 Z – is 
matrix of measuring conditions; 0 Å  – is matrix of state of measurements;  0 F  – is matrix of the 
meter  noise  intensity;  0 V   –  is  matrix  of  independent  Gauss  white  noise  of  unit  intensity 
meters;  0 T   –  is  matrix  of  cutting  depth;  0 Q   –  is  transformation  matrix  of  aggregate 
measurements.
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Estimated by (7) cutting depth  f t  is not free from errors defined by the quality of the 
measurement  process,  and  noises  of  measuring  devices,  and  the  effects  of  form  random 
deviation components of work piece  and wheel from  the nominal range. Therefore, direct 
acquisition the rate 
dt
dt f  of change of the depth of cut by differentiation of the depth  tf  of cut 
defined  from  (7)  is  impractical  due  to  the  presence  of  additive  noise  in  the  aggregate 
measurement. To solve the problem of determining the speed of the cutting process it can be 
constructed the observing system in the form of the Kalman filter [2]. 
   
5. CONSTRUCTION OF OBSERVATION MODELS WITH THE KALMAN FILTER  
 
Thus, direct application of the model (7) for constructing the observer is impractical 
because of the necessity of differentiation of the control signal and the forms deviation that 
can cause significant difficulties in the application of this approach in the presence of noise in 
the control channel and computing errors in the differentiation implementation. It is neither a 
feature of the matrix representation of the model nor description of a dynamic system in 
deviations, it is already apparent in the original representation (4) of the TS.  
To eliminate this disadvantage it is necessary to build a "renewal equation", which in the 
case of form deviations will have an expression: 
0 0 0 Y X D ,                                   
(8) 
where  0 D  – is matrix characterizing the structure of state space parameters estimates and the 
structure of their linear combinations. 
If evaluations of the entire state space are required, therefore  0 D  is the unitary matrix. 
We introduce a modified state vector of the system in the form: 
0 02 1 F Y B    ,        
 (9) 
where  0 02 1 ,, YB   – correspond to the expressions presented in the relationship (7). 
From the recording of (7) follows directly that  12 .    
 
From equation (9) it follows: 
                0 02 1 Y F B    .   
              (10) 
It is known f. e. [5] that for any jointed in the form matrices  ) (t   and  ) (t   the ratio 
dt
t d
t
dt
t d
t
dt
t t d ) (
) (
) (
) (
)] ( ) ( [ 



 
 
  is reasonable. 
 The derivative  0 Y   of the state vector (10) which obtained using the equation (10) and the 
above matrix identity is: 
                       0 02 1 02 2 Y F B B          .  
                     (11) 
With the opening of the split form the matrix equation (7) can be rewritten as:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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0 0 0 01 1 02 2 0 Y A Y B B C U          .      (12) 
Substitution of  0 Y  from (9) in the right side of equation (12) produces the result: 
        0 0 02 1 01 1 02 2 0 [] Y A F B B B C U           
 
            (13) 
Having compared the left sides of (11) and (13), and after appropriate transformations 
and grouping can be written the modified equation of state which does not contain  2   and 
therefore does not require differentiation of  parameters  1   of  forms:  
0 0 02 01 02 1 0 [ ] . F A F A B B B C U               (14) 
Comparing equation (14) for the modified state space  F  and the initial ratio (7) for the 
state space  0 Y  allows us to consider the coefficient in front of the matrix  1  , 
                     1 0 02 01 02 [] B A B B B      ,                                                    (15) 
as a modified matrix of impact of work piece and wheel form variation.  
If  to take additionally that the damping parameters of the contact zone, the work piece 
and the grinding wheel masses are not dependent from time during machining, then the matrix 
elements  02 B   are equal to zero and equation (15) takes the form: 
            1 0 02 01 [] B A B B    .                                      (16) 
The modified matrix differential equation of the state space is: 
           0 1 1 0 . F A F B C U                              (17) 
Both the system of differential equations (7) and (17) correspond to coinciding with the 
accuracy of the symbols  00 , YY   and   , FF   the systems of homogeneous linear differential 
equations  0 0 0 Y A Y    и  0 F A F   . Therefore, the first equation of the system (7) and the 
correlation (17) are equivalent in the sense of Liapunov [6]. 
State estimate  0 X  on the basis of simulated results of modified system (17) and using 
transformation (12) is  
0 0 0 02 1 X D F D B      ,                (18) 
 
where the matrices  0 X ,  0 D ,  02 B ,  1   correspond to the matrix used in (7) and the modified 
state vector F  is defined by (18).   
Using the examined approach let’s represent matrix product  00 CU   of the system (7) as 
follows:  
                  0 0 00 01 , C U C S C S      
                                (19) 
where 
11
00 01
11
, 0 0 0 ,
TT
ch
CC
mm
   
    
     and let’s reconstruct a model of the system (7) in 
a form that does not require differentiation of the control signal. This will also need to convert 
observation equations of the system in order to restore conditions to be monitored, which 
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0 1 1 1
0 0 0 0 M
0 0 0
,
,
,
F A F B C U
Z F F V D S
T Q Z
Å
     
    


             (20) 
where the matrices  0 0 0 0 0 o 0 , , , , , , A Z F V T Q Å  coincide with the same matrices in correlations 
(7),    1 2 3 3
T
F F F F F  ,  1 2 3 3 ,
T
F F F F F   
      
3 2 3 2 2 2
1 2
1 2 2 2
()
00
T
h h h h h c
C
mm m m
 
 

, 
2
M
2
0
T
h
D
m

 

.   
    For each of  i R  ,  i r   the shape deviations from nominal their derivatives have random  
nature  and  may  be  characterized  by  a  Gaussian-Markov  process  with  a  second-order 
correlation functions of the form according [2]: 
        0 ( , ) exp( ) ( ) i i i i i i i i i K v Ê v ños         ,              (21) 
where  i   – is the wheel or work piece peripheral speed,  0 ,, i i i K  . – parameters of the 
correlation function which can be determined experimentally. 
In the practically important cases the effects stipulated by cross-correlation functions of 
processes and corresponding energy mutual spectral densities are small concerning the energy 
range of wheel and work piece spectral characteristics. 
Extended forming filter is created using the same method  for such random processes 
allowing to provide the second summand of the first equation of the system (7) by equivalent 
parameters and variables of shaping filters state equations: 
,
,
,
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  ( , , , 1,2,3) Ni Ni i i i T T N       [6], 
0
22
2
()
ii
fi
i i i
K
k

  


;  { , } i ê ä  ;   1 2 1 2 , ; , i i i i g g g g  – shaping filter auxiliary conditions;  1 w , 2 w  – 
Gaussian white noises of unit intensity which are independent between themselves and noise 
measurements Vo (7). 
  Taking into account (22) extended model of the system (7) takes the form:       Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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where, additionally [6],  () ff G G G   и 
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
( ); .
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
f f f G G G Q


 



    
The first and second equations of the system (23) should be presented in the form of: 
 
         
,
,
X A X B U E W
Z C X R V
     
   
              (24) 
The type and structure of the matrices in correlations (24) is definitely determined by 
(23). 
For the system (24) it is possible to build optimal in mean square the system status 
estimations in a form of a Kalman filter. 
The  minimum  achievable  dispersion  of  the  system  status  estimations  (24)  can  be 
estimated by Riccati matrix equation of the form [6, 2]: 
T T T 1
wv V A V V A E Ψ E V C Ψ C V
                    ,    (25) 
which should be solved before to the processing of specific work piece in consequence of the 
fact that there are no results of observations of a dynamic system therein. 
Matrix  of  the  Kalman  filter  coefficients  of  amplification  is  determined  by  the 
relationship [6, 2]  
   
1. v K V C
                                           (26) 
   Taking into account (25), (26) algorithm of observations filtering can be determined 
by matrix equations 
[ ], Y A Y B U K Z B U C X
 
                  
  
1 0 1 0 0 0 0 0
0 1 0 1 0 0 0 0
f
f
t
Y
t



          
                     (27) 
 
6. CONCLUSION  
 
The relations (26) and (27) allow us to use the results of coordinate measuring in detail 
production  process  for  the  purpose  of  constructing  of  estimations  of  the  processing 
parameters.  These  estimates  are  optimal  subject  to  Gaussian  measurement  noise  and 
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The use of this approach is useful in assessments of directly unmeasured parameters. 
The approach allows to reduce the effects of noises both of the measurements and associated 
with  computational  procedures  of  related  assessments.  It  must  be  directly  used  in  the 
implementation of  stochastic observation  and filtering procedures. 
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Abstract: In this paper the authors shows the research made for improving high-power audio  speaker 
devices performance using permanent NdFeB magnets special technology. Magnetic losses inside these audio 
devices are due to mechanical system frictions and to thermal effect of Joules eddy currents. In this regard, by 
special  technology,  were  made  conical  surfaces  at  top  plate  and  center  pin.  Analysing  results  obtained by 
modelling the magnetic circuit finite element method using electronic software package,was measured increase 
efficiency by over 10 %, from 1,136T to13T. 
 
Keywords: NdFeB, audio devices. 
 
1.  GENERAL CONSIDERATIONS 
 
The high-power audio device, is, basically, a transformer (transducer) passing energy from the 
electrical system by the mechanical energy, into electrical energy system. 
          In high-power audio devices are magnetic losses in the magnetic circuit by: 
  warming effect produced by electric current 
  eddy currents due to thermal effect Joules 
  frictions into the mechanical system. 
All these magnetic losses reduce the energy quantity, in such a way, that, results a 
very  low  efficiency  (aprox.  10%)  for  these  audio  devices,  thus  producing  the  greatest 
difficulty from fidelity sound, gouge and cost point of view. 
 
2.  AUDIO DEVICES STRUCTURE 
 
From physical point of view audio devices consist of three systems: 
o   the electrical system, includes: 
  audio amplyphier, which provides the necessary electrical power and 
coil audio device; 
  specific physical quantities: voltage and intensity; 
o   the mechanical system, made of: 
  coil, membrane and clamping elastic suspension; 
  specific physical quantities: strength and speed  
o   the acustical system, determined by environment resistance (the air), due to 
membrane’s vibration 
  specific physical quantities are: pressure and air flow.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 1 shows the  main audio device’s parts. 
 
 
The audio devices must satisfy the following: 
o  linear frequency characteristic 
o  one high efficiency 
o  low non linear distortions 
o  transients faithfully rendering 
o  a feature corresponding directivity needs 
o  weight and small dimensions. 
 
3. MAGNETIC CIRCUIT MODELLING 
 
Magnetic circuit modelling study was performed imposing ideal conditions, as the 
absence of air gap, between audio devices ferrite and upper and lower polar plates. 
The air gap exists because:  
o   one level of processing (roughness) of contact surface with polar ferrite plates; 
o   bonding adhesive existence of these polar plates on ferrite (Fig. 2). 
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To achieve magnetic modelling was considered the constructive assembly reference 
device (Fig. 3), consisting of: 
  Barrium ferrite permanent magnets FeB 
  Ferromagnetic materials in OL37 without heat treatment high return for 
reinforcements 
The role of thermal treatment of high return for ferromagnetic materials is to: 
  refine the structure by plastic deformation; 
  reduce residual stresses; 
  avoid materials saturation induction. 
 
 
Figure 4 shows the image of applying the finite element method (NEF) to the reference 
magnetic circuit configuration and the air gap. 
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Figure 5 shows the image field lines of magnetic flux in the magnetic circuit reference 
configuration. 
 
 
 
In figure 6 are represented the field magnetic flux lines air gap on magnetic circuit 
reference configuration.  
 
 
 
Figures 7 and 8 shows magnetic induction variation in the air gap on x and y axes in the 
magnetic circuit reference configuration. 
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Analyzing the distribution of field line so magnetic flux in the magnetic circuit in the 
air gap (Fig. 5 and 6) we note that at the upper and lower extremities of polar plate and at the 
central bolt top and at its bottom, there are white   represent magnetic field lines distortion 
affecting magnetic induction.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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4. PROPOSED TECHNOLOGICAL SOLUTION 
 
To concentrate the magnetic flux field lines in white areas (Fig. 5 and 6) it was 
designed a geometrically modified magnetic circuit.  
Changing  magnetic  circuit  was  achieved  by  removing  some  conical  surfaces  at 
extreme ends of polar plates and the upper pole vault,  with the pin (difference in height   
between the bolt and the upper polar plate in the air gap, being highly reduced) (Fig. 9). So, 
the  purpose  of  these  changes  was  to  concentrate  the  field  lines  of  magnetic  flux  of  the 
permanent  magnet,  as  well  as  to  avoid  saturation. 
On the geometric configuration of the magnetic circuit as shown in Figure 9, was applied the 
finite element method, using the electronic program.(Fig. 10). 
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Figure 11 presents the field lines of magnetic flux image in the geometrically modified 
configuration of magnetic circuit, as amended. 
 
 
 
Figure 12 shows the image field line so magnetic flux in the air gap of the geometrical 
configuration of modified magnetic circuit. 
 
 
 
 
Figures 13 and 14 shows the variation of magnetic flux density in the air gap by x and 
y axes in the changed magnetic circuit configuration. 
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5. CONCLUSIONS 
 
Analyzing  magnetic  flux  field  lines  from  geometrical  configuration  of  modified 
magnetic  circuit,  it  was  observed  that  white  areas,  from  reference  magnetic  circuit 
configuration, dissapeared, and field lines of magnetic flux were concentrated, raising the 
magnetical induction from 1,136 T to 1,3 T, with aproximately 10 %. 
On another hand, was obtained a reduced magnetic flux loss, using the same material 
for magnets.  
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Abstract: This study presents a duplex treatment (aluminazing  and nitrating) applied to some steels aiming at 
improving the properties of the superficial coating, increasing hardness and resistance against wear. Thus, there 
were executed  8 parts having cylindric form with a diameter  of  20mm and thickness of 8mm  using 15Cr8 and 
40Cr10 as  material and a sample with the same sizes from    39CrAl6 and 34CrAlNi7. The samples made of 
15Cr8 and  divided in two groups of four parts each were labelled,  participating  in the first group only for tin-
coating  and  the  second  group  both    for  aluminazing  and  nitriding.    The  sample  made  of    39CrAl6  and 
34CrAlNi7 was labelled and participated only in nitrating. On the samples were done visualization using the 
metalic  graphical  microscope  and  also  micro-hardness  measurements.  The  obtained  results  were  eloquent 
confirming the possibility of modifying the superficial coatings, improving their properties.   
 
Keywords: aluminizing, nitriding, thermical treatment. 
 
1.  INTRODUCTION 
 
Generally,  the  main  criterion  of  selecting  a  steel  derives  from  the  purpose  and 
conditions of its use. There are pursuited therefore: its hardness, hardening, stability under 
high  temperatures,  tenacity,  its  resistance  against  ageing,  dimensional  stability,  distorting, 
splintering possibility, etc. 
The necessity of  improving the surface coating  of the parts, especially of the contact parts, 
represented  a  priority  in  the  effected  reasearches  by  the  specialists  on  this  domain.  This 
research direction had as a goal the possibility of replacing some expensive materials with 
usual materials which were modified on their surface coating. The study presented further 
exposes few experimental tests of modifying the surface coatings, not only by methods of 
surfacing or surface coating, but also by using duplex treatment methods. Thus on a basic 
material made of OLC 45 was deposited by the laser-sintering method, a coating of Al2O3. At 
the depositing limit, in vicinity of the basic  material,  the resistance against ageing proved as 
being considerably higher than that one of the basic material itself. On those parts coated with 
that  coating  of      Al2O3,    was  also  applied  a  thermical  chemical  treatment  of  tin-coating, 
without being ascertained significant results. 
Thus,  in  this  study,  I  have  proposed  myself  to  accomplish  a  double  thermical  treatment   
(aluminizing followed by nitriding ), which applied to some steels without aluminium to be 
able to offer the possibility of obtaining some features after nitrating similar to those features 
of the alloyed steels with about  aluminium. 
 
2.  GENERAL INFORMATION   
 
Aluminium can be an alloying  element with an influence that  produces surprizing 
effects on the hardness upon the surface coatings obtained by thermical chemical nitriding 
treatments, forming hard and stable nitrides even at very high temperatures.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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However, when alloying aluminium (about 1...1,2%)  with some steels (for instance 
for their improving), it is possible to appear some difficulties at the working by cutting or 
splintering,  plastic deforming or even in case of some thermical treatments.    
For removing these undesired effects of the aluminium on the features of manufacturing and 
of thermical treatment of the steels  alloyed with this element, but using its favourable effect 
in case of nitriding, as a solution of solving the problem it was proposed to be used parts 
made  by  carbon  steel  or  very  low  alloyed  and  then  aluminized,  diffusion  annealing,  
adjustment  and  then  nitrating.      It  is  noticed  that  it  is  a  complex  method  not  usually 
recommended  for  the  thermic    treatment    of  some  parts  that  wok  in  intensive  working 
conditions (under high loadings)   
 
3.  THE  EXPERIMENTAL STUDY 
 
The description of the experimental pogramme  
For developing the experimental study we have chosen two low alloyed steels for 
improving   (STAS 791-88) namely 15Cr8 and 40Cr10 respectively 39CrAl6 and 34CrAlNi7 , 
both alloyed with chrome in similar proportions and  having nearly the same percentage of  
carbon  in composition. When choosing those steels, it is very  important the fact that one of 
the steels  (39CrAl6 and 34CrAlNi7) contains additionally a percentage of 0,8-1,0%Al. 
The brand chemical composition for the two steels is shown in table 1.   
 
Table 1. Chemical composition for the two steels 
Steel 
Chemical  
15Cr8  39CrAl6  40Cr10  34CrAlNi7 
C  0,12-0,15  0,32-0,36  0,38-0,45  0,32-0,36 
Mn  0,60-0,90  0,55-0,80  0,60-0,90  0,55-0,80 
S  max.0,035  max.0,035  max.0,035  max.0,035 
P  max.0,035  max.0,035  max.0,035  max.0,035 
Cr  0,80-1,00  1,60-1,80  0,90-1,20  1,60-1,80 
Al  -  0,40-0,50  -  0,70-0,80 
Si  max.0,25  max.0,35  max.0,40  max.0,40 
Other 
elements 
0,025  1,00  0,025  1,00 
 
With  respect  to  the  process  developing  there  were  manufactured  8  parts  with 
cylindrical form with a diameter of   20 mm and a thickness of  8 mm from the material  
15Cr8 and 40Cr10 and a sample with the same dimensions made of  39CrAl6 and 34CrAlNi7. 
To  the  parts  made  of  15Cr8  and  40Cr10  was  first  applied  a  thermical  treatment  of 
normalization  – 860
oC/20 min/ air cooling  – after that being effected the aluminization in a 
melted  aluminium bath   according to the  parameters presented in  table 2.  Each time, after 
maintaining the aluminium bathing, the working samples were cooled in oil with the purpose 
of their annealing.   
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Table 2. Parameters treatment 
Sample 
(Notation) 
Aluminisation parameters 
T[
oC]  Holding time 
[min] 
Cooling 
medium 
1.1.A1  1.1.A2   
800 
15   
 
Oil 
1.1.N1  1.1.N2 
1.2.A1  1.2.A2  30 
1.2.N1  1.2.N2 
2.1.A1  2.1.A2   
850 
15 
2.1.N1  2.1.N2 
2.2.A1  2.2.A2  30 
2.2.N1  2.2.N2 
Note: A1 – 15Cr8 aluminizated; N1 – 15Cr8 aluminizated and nitrided. 
         A2 – 40Cr10 aluminizated; N1 – 40Cr10 aluminizated and nitrided 
 
The sample realized of 39CrAl6 and 34CrAlNi7 was further treated thermically by a 
normalization -  950
oC/20min/ air cooling, annealing  - 900
oC/20min/ oil cooling . 
After  these  thermical  treatments,  the  parts  1.1.N1,  1.2.N1,  2.1.N1,  2.2.N1,  1.1.N2, 
1.2.N2, 2.1.N2, 2.2.N2,   and the part made of 39CrAl6 and 34CrAlNi7 were nitrided. 
 
4. DETERMINATIONS  EFFECTED ON THE OBTAINED SAMPLES  
 
After the normalization operations, aluminization and annealing, the samples 1.1.A1, 
1.2.A1,  2.1.A1,  2.2.A1,  1.1.A2,  1.2.A2,  2.1.A2,  2.2.A2  were  sectioned  longitudionally  and 
investigated using an  optical metallic graphical microscope. The aspect  and the size of the 
obtained diffusion coating was monitorized.   
After the operations of aluminization and  nitrading ,  the samples 1.1.N1, 1.2.N1, 
2.1.N1, 2.2.N1, 1.1.N2, 1.2.N2, 2.1.N2, 2.2.N2 and also the sample of 39CrAl6 and 34CrAlNi7 
(nitrided,  too),  were  longitudinally  sectioned.  The  microstructural  aspects  and  also  some 
hardness measurements were targeted. 
After annealing, the samples were degreased and from  the surface of the aluminized 
parts were mechanically removed the aluminium adherences.  
The  preparation  of  the  samples  for  the  microstructural  analysis  and  for  the 
measurements of microhardness involved gthe following  operations: cleaning or degreasing, 
cutting off, surface grinding for becoming plate, lopishing, metallic graphical attack (nital). 
The  samples’  cutting  off  was  mechanically  accomplished  and  tyhe  plate  surface  were 
obtained by milling with a very small advance and permanent cooling with emulsion.   The 
abrading was accomplished with abrasive paper and water cooling and the polishing with felt 
(the preparation operations of the   metallic graphical were realized in the laboratory). After 
polishing the samples were attacked with nital 5% (solution 5% nitric acid in  mehyl alcohol). 
The  microstructures  were  analyzed  using  an  optical  metallic  graphical  microscope  Bel 
Photonics MTM also in a laboratory.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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5. THE MICROSCOPIC ANALYSIS 
 
Sample 1.1.A1,2 
 
 
Fig.1. Microstructure of the sample 1.1.A1,2 
 
În  figure  1  is  presented  the  microstructure  of  the  sample  1.1.A1,2  with  similar 
structures  (normalized  to 860
oC/20min/air cooling, annealed, mentained in a bath 15 min at 
the temp 800
oC) with increase  400x times.  
There can be observed four different elements from the surface to the part’s core: 
1-Exterior coating adhered  mechanically on gthe sample’s surface during the pulling 
out from  the melted aluminium.  It has the thickness of about  0,05-0,07mm. This coating 
isn’t formed by a single compound, it contains grains of aluminium not attacked by nital and 
another solid intergrain constituent intensively attacked. This constituent was identified as 
being a form of   FeAl3 [4].  The border with the  adjacent coating is labourless irregular and it 
is the result of the interdifusion between the two coatings.  
2-The border separation between the surface coating  (composed from aluminium and  
the  phase of  FeAl3) and the difusion coating. It is very thin (nearly 0,01mm) and it is formed 
from fine particles of phase form FeAl3 [4]. 
3-The  difusion  coating.  It  is  an  „alloy‖  (mixture)  of  aluminium-iron,  rich  in 
aluminium, having a thickness of  0,20-0,22mm. It is only a form compound of  Fe2Al5 [4]. 
The separation surface between this coating and the basic  material of the sample is irregular. 
4-The sample basic material, presenting a fine sorbitic structure. 
 
Sample 1.2.A1,2 
 
 
Fig.2. Microstructure of the sample 1.2.A1,2   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
46 
In  figure  2  it  is  presented  the    microstructure  of  the  sample  1.2.A1,2 with  similar 
structures  (normalized by 860
oC/20min/air cooling, annealed, bathing maintaining for 30 min  
at the temp 800
oC), increasing  400x times. There are again noticed  the four distinctive 
elements  from the surface to the part’s core, as follows: 
1-  The  exterior  coating  mechanically  adhered  on  the  sample’s  surface  during  the 
pulling out from the melted aluminium bath. It has a thickness of about  0,10-0,12mm , the 
thickness difference copared to the sample 1.1.A1,2 due to the fast process of pulling out from 
the melting pot.  
2- The separation border between the surface coating and the difusion coating is also 
very thin, 0,01mm. In this case it is no more that obvious presenting some „interior lines‖ 
within the difusion coating. 
3-The  difusion  coating,  thicker  than  in  case  of  the  sample  1.1.A1,2  (nearly    0,30-
0,32mm) due to a prolonged maintaining. It shows the same irregular cut-out. 
4-The basic material of the sample with fine sorbitic structure agressively attacked by 
nital. 
 
Sample 2.1.A1,2 
 
 
 
Fig.3. Microstructure of the sample  2.1.A1,2 
 
In figure 3 it is shown the microstructure of the sample 2.1.A1,2 with similar structures  
(normalized by 860
oC/20min/ air, cooling, annealed, bathing maintaining for 15 min at the 
temp 850
oC) by increasing 400x times. 
  1-The exterior coating adhered mechanically on the surface of the sample during the 
pulling out from the bath . Its thickness is also influenced by the speed of the pulling out.  As 
constituents there are also aluminium and a phase form of FeAl3. 
  2- The separation border  of  low thickness (about 0,01mm) with a slightly sinuous  
aspect composed from a phase of  FeAl3. 
  3- The difusion coating with the thickness of 0,30-0,32mm , composed from  a phase 
of Fe2Al5.   
4-The basic material of the sample with fine sorbitic structure. 
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Sample  2.2.A1,2 
 
 
Fig.4. Microstructure of the sample 2.2.A1,2 
 
In  figure  4  it  is  presented  the    microstructure  of  the  sample  2.2.A1,2 with  similar 
structures  (normalized by 860
oC/20min/air cooling, annealed,  bathing maintaining for 30 
min at the temp 850
oC) by increasing 400x times. 
1-  The  exterior  coating  mechanically  adhered  on  the  sample’s  surface  during  the 
pulling out from the melted aluminium  bath. It has a thickness of  the aluminium and a phase 
of FeAl3 as compounds of about 0,1mm. 
2-The separation border of about  0,01mm formed from a  phase of FeAl3.  
3-The difusion coating composed  by a phase of  Fe2Al5, with a thickness of  0,35-
0,40mm due to a prolonged maintaining  presenting also an irregular aspect at the separation 
off the basic material.  
4- The basic material of the sample with fine sorbitic structure  
 
The sample 1.2.N1,2 
 
 
Fig.5. Microstructure of gthe sample  1.2.N1,2 
 
In  figure  5  it  is  presented  the    microstructure  of  the  sample  1.2.N1,2 with  similar 
structures  (normalized by 860
oC/20min/air cooling, annealed,  bathing maintaining for 30 
min at the temp 800
oC and nitrided ) by increasing 100x times. 
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  1-  The  exterior  coating  mechanically  adhered  on  the  sample’s  surface  during  the 
pulling out from the melted aluminium constituted from aluminium and a phase of FeAl3. 
  2- The very thin separation border, composed from a phase of FeAl3. 
  3-The difusion coating composed  by a phase of  Fe2Al5, with a thickness visible 
bigger   (nearly 0,35-0,40 mm). The thickness increase  with more than 16%  of the difusion 
coating compared to that one measured before the nitrading  is the result of the prolonged 
maintaining  at  temperatures  of    560
oC  during  the  nitriding.    The  cut-out  from  the  basic 
material shows the same irregular aspect. 
  4- The basic material of the sample with fine sorbitic structure. 
 
Sample 2.2.N1,2 
 
 
Fig.6. Microstructure of the sample 2.2.N1,2 
 
In  figure  6  it  is  presented  the    microstructure  of  the  sample  2.2.N1,2 with  similar 
structures  (normalized by 860
oC/20min/air cooling, annealed,  bathing maintaining for 30 
min at the temp 850
oC and nitrided) by increasing 100x times. 
  1-  The  exterior  coating  mechanically  adhered  on  the  sample’s  surface  during  the 
pulling out from the melted aluminium constituted from aluminium and a phase of FeAl3. 
  2- The separation border, composed from a phase of FeAl3. 
  3-The difusion coating composed  by a phase of  Fe2Al5, with a thickness of about 
0,42-0,45mm,    20%  more  before  the  nitriding.  .It  is  the  same  result  of  the  prolonged 
maintaining  at  temperatures  of    560
oC  during  the  nitriding.    The  cut-out  from  the  basic 
material shows the same irregular aspect, but having a slightly finer waving.  
  4- The basic material of the sample with fine sorbitic structure. 
 
6. CONCLUSIONS 
 
As a following of the aluminization, in the profile of the samples can be observed for 
successive zones . Thus, on the surface it was obtained a coating mechanically adhered  not 
only during the maintaining in the melting bath, but also during the pulling out from the 
melting.  The separation surface was irregular, in all situations,  this matter being caused by 
the interdifusion processes which are produced during the  aluminization. The aluminization 
temperature and also the inconstant speed of the pulling out of the sample from the melting 
led to a variable thickness of this first coating.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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As a result of the microscopic examination it was ascertained that the exterior coating 
isn’t constituted just from solid bound aluminium. 
For  the  white  grains  of  aluminium    unattacked  by    nital,  it  was  highlighted  an  
intergrain constituent intensively attacked (FeAl3). 
Between the superficial coating and  the difusion coating it was observed the presence 
of a very fine separation  limit agressively attcked  by  nital. Then, it follows the third coating 
which was assimilated as being the difusion coationg, rich in aluminium and slightly attacked 
by nital. Consulting other specialty studies we accepted that this coating is totally composed 
by  a form of Fe2Al5. The separation between this coating and the basic material  presented a 
very irregular aspect  (similar to some „dendrites‖). The difusion coating showed changes of 
its thickness, depending on the aluminization temperature and the duration of maintaining  
(from  0,20mm  to  0,35mm)  and  the  nitrided  samples  the  thickness  of  the  difusion  zone 
increased to 0,42mm. 
Measurements have shown that steel in the same category do not produce dramatic 
changes in the structure. 
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ABSTRACT:  The  methodology  of  solving  the  designing  problems  and  calculus  formulas 
dependent upon the way of showing the sourcing data and the required results of the calculus. The 
given operative dimensional chain is made up of three primary constitutive elements, respectively 
of the closing element. When solving the designing problem the rated size of the determinative 
element shall be circled and checked up, without exceeding the limit values of the calculus of the 
closing element, since they are its regulating values. As a result solving the size chain nthe rated 
value of the constitutive element shall be found out. At such a rated value, the closing element 
shall be made up within the regulating limits of the reserve on the lower, respectively  upper 
limits. If the reserve on the tolerance of the closing element ist else than zero, then the output of 
the actual values of the closing elements on the settled limits cannot be avoided. If the reserve on 
the  tolerance  of  the  closing  element  ist  equal  withn  zero,  then  the  rounding  off  of  the  rated 
determined value of this chain could not be possible.  
 
KEYWORDS: dimensional chain, errors, calculus, method. 
 
1.  INTRODUCTION 
 
The methodology of solving the designing problems and calculus formulas dependent 
upon the way of showing the sourcing data and the required results of the calculus. 
The given operative dimensional chain (fig.1) is made up of three primary constitutive 
elements A1, A2 and A3, respectively of the closing element AR. The elements A1 and A2 
are the ultimately known size; they have limit deviations and the known rated size. 
The element A3 should be determined by its given limit deviations, as the rated size is 
unknown. For the closing element AR are given both the limit and source value in the given 
example shall be considered to be the limit value. When solving the designing problem the 
rated size of the determinative element A3 shall be circled and checked up, without exceeding 
the limit values of the calculus of the closing element AR, since they are its regulating values. 
 
 
 
Fig.1. Example of dimensional chain settled 
while designing and checking up.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
51 
2.  SHOWING  THE  ALGORITHM  FOR  SOLVING  THE  DIMENSIONAL 
CHAINS DURING THE DESIGNING COURSE 
 
Determining the half of the tolerance field of the closing element: 
a). minimum and maximum method:      
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Determining the reserve on the tolerance of the closing element:   
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The condition ω ≥ 0  shall be cheked up. 
 
The determination of calculated average value if the source is represented by this value: 
minimum:  2
min
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  ;  maximum:  2
max
R
R R med A A

  ; 
average:  2
max min R R
R med
A A
A

  
Determining the average value of the element with rated sought (determined) size: 
   
. det
1
1
det
2

  


 


  


n
i
i med i R med med A A A  
Determining the rated value of the element with sought rated size: 
    det . det det
det
det det 2
med med med T A EI A A     

 
Routing off the actual value writing the correct value of the rated size. 
Determining the size of the applied correction:  det 3 3 A A K    
Correcting the average value of the sought element:  K A A med cor   3 3  
Correcting the average value of the closing element:  K A A medR medRc det     
Determining the minimum value of the closing element: 
2
min
R
medRc Rc A A

   
Determining the actual maximum value of the closing element: 
2
min
R
medRc Rc A A

   
Determining the reserve (deficit) for the lower limit value of the closing 
element: R Rc A A RI min min      Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Determining the reserve (deficit) for the upper limit value of the closing element: 
R Rc A A RS max max    
 
3.  CASE STUDY 
 
A. Data of problem: We are going to take into account the size chain shown in  fig.2 
featured by the following: 
 
2 . 0
0 1 50
  A mm; 
5 , 0
5 , 0 2 30

  A mm;
2 , 0
4 , 0 3 30

  A mm şi  R A  is minimum 0,15...2,05mm. 
The selected method of calculus is the maximum and minimum methods. 
B. We have to make the change of soursing data:  2 . 0
0 1 50
  A mm and 
2 , 0
4 , 0 3

 A mm. 
C. The calculus of the size chain shall be carried out,  the  rated value of the element 
A3  of the size chain shall be found out: 
C1. Determining the half of the tolerance field of the closing element by the minimum 
and maximum method:  9 , 0 3 , 0 5 , 0 1 , 0
2 2
1
1
     


i
m
i
i
R 


mm 
C2.  Determining the reserve on the tolerance of the closing element: 
1 , 0 8 , 1 15 , 0 05 , 2
2
2 min max     





   R
R R R A A

 mm 
C3. The condition ω ≥ 0  shall be cheked up. 
 
C4. The determination of calculated average value if the source is represented by this 
value:  05 , 1 9 , 0 15 , 0
2
min     
R
R R med A A
 mm 
 
C5. Determining the average value of the element with sought rated value: 
    19,05
1
1
30 50,1 1,05
ξ
1
A ξ A A
det.
1 n
1 i
i med i R med med 3 

    


 


  


  mm 
C6. Determining the rated value of the element with sought rated size: 
15 , 19 2 , 0
2
6 , 0
05 , 19
2
det
det
3 det 3        ES A A med
 mm 
C7. Routing off the actual value writing the correct value of the rated size: A3 = 19,1 
mm 
C8. Determining the size of the applied correction: 
05 , 0 15 , 19 1 , 19 det 3 3       A A K mm 
C9. Correcting the average value of the sought element: 
  00 , 19 05 , 0 05 , 19 3 3       K A A med cor mm 
C10. Correcting the average value of the closing element: 
1 , 1 05 , 0 05 , 1 det      K A A medR medRc  mm 
C11. Determining the minimum value of the closing element: 
2 , 0 9 , 0 1 , 1
2
min     
R
medRc Rc A A
 mm   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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C12. Determining the actual maximum value of the closing element: 
0 , 2 9 , 0 1 , 1
2
min     
R
medRc Rc A A
 mm 
C13. Determining the reserve (deficit) for the lower limit value of the closing element:  
05 , 0 15 , 0 2 , 0 min min      R Rc A A RI mm 
C14. Determining the reserve (deficit) for the upper limit value of the closing element: 
05 , 0 2 05 , 2 max max      R Rc A A RS mm 
 
4. CONCLUSIONS 
 
As a result solving the size chain the rated value of the constitutive element A3=19,1[mm] 
shall be found out. At such a rated value, the closing element AR shall be made up within the 
regulating limits of the reserve 0,05 [mm] on the lower, respectively  upper limits. 
If   0  R  , then the output of the actual values of the closing elements on the settled 
limits cannot be avoided. 
If  0  R   , then the rounding off of the rated determined value of this chain could not 
be possible.  
Broadly speaking, the following conditions shall be observed: 
- for the chain with the source (first) minimum or maximum given value of the closing 
element:  0 max  K R  ; 
-  for the chain with the source (first) average given value of the closing element 
0 2 max   K   (Kmax making up the highest value of the possible correction for the 
rated rounding off operation). 
 
When the rounding off is not necessary, the steps 7 and 14 shat’t be carried out. The size of  
the K correction is found out in formulas with the sign got while calculating under the step 8. 
Getting the negative values of the reserve RI and RS means the prove of the out put of the  
actual values of the closing element on the settled limits. 
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CONSIDERATIONS FOR THE DEVELOPMENT OF A DEVICE FOR 
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Abstract:  As  many  nuclear  power  plants  are  reaching  their  end  of  lifecycle,  the  decommissioning  of  these 
installations has become one of the 21
stcentury’s great challenges. Each project may be managed differently, 
depending  on  the  country,  development  policies,  financial  considerations,  and  the  availability  of  qualified 
engineers or specialized companies to handle such projects.   The principle objective of decommissioning is to 
place a facility into such a condition that there is no unacceptable risk from the decommissioned facility to 
public health and safety of the environment. In order to ensure that at the end of its life the risk from a facility is 
within acceptable bounds, action is normally required.  The  overall  decommissioning  strategy  is  to 
deliver a timely, cost-effective program while maintaining high standards of safety, security and environmental 
protection. If facilities were not decommissioned, they could degrade and potentially present an environmental 
radiological  hazard  in  the  future.  Simply  abandoning  or  leaving  a  facility  after  ceasing  operations  is  not 
considered to be an acceptable alternative to decommissioning.   The final aim of decommissioning is to 
recover the geographic site to its original condition. 
 
Keywords: fuel, reactor, reactivity 
 
1. INTRODUCTION   
    
  In  Canada,  AECL  (Atomic  Energy  of  Canada  Ltd.)  continues  to  evolve  the  basic 
CANDU design, focusing on improvements in economics, inherent safety characteristics and 
performance, while retaining the features of the earlier family of PHWR nuclear power plants. 
The  stated  goals  include  lower  plant  capital  and  oparating  costs,  plus  reduced  project 
schedules, through the use of improved design and construction methodes and operatonal 
improvements.  The  PHWR  (Pressurized  Heavy  Water  Reactor)  concept  is  primarily 
represented by the CANDU design wicth is an acronym for CANada Deuterium Uranium. 
The CANDU system uses pressurised heavy water D2O as moderator and coolant and natural 
uranium as fuel in the form of uranium dioxide UO2. 
The CANDU reactor design offers: 
- Natural uranium fuel with on-line fuelling; 
- High localization potential; 
- Suitability for small and medium sized electric grids; 
- Superior safety performance and economics; 
- A proven design based on the highly successful CANDU 6 reactors. 
  While retaining the basic features of the CANDU 6 design, the reactor incorporates 
innovative  features  and  stateof-the-art  technologies  that  enhance  safety,  operation  and 
performance.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2. NUCLEAR SYSTEMS OF THE CANDU REACTOR 
 
  The nuclear systems are located in the Reactor Building and the Service Building. 
These  buildings  are  robust  and  shielded  for  added  safety  and  security.  Shielding  is  a 
protective  barrier  that  reduces  or  eliminates  the  transfer  of  radiation  from  radioactive 
materials.   The nuclear systems are comprised of: 
- A heat transport system with reactor coolant, four steam generators, four heat transport 
pumps,  four  reactor  outlet  headers,  and  four  reactors  inlet  headers.  This  configuration  is 
standard on all CANDU 6 reactors; 
- A heavy water moderator system; 
- A reactor assembly that consists of a calandria installed in a concrete vault; 
- A fuel handling system that consists of two fuelling machine heads, each mounted on a 
fuelling machine bridge that is supported by columns, which are located at each end of the 
reactor; 
- Two independent shutdown systems, emergency core cooling system, containment system, 
emergency heat removal system and associated safety support systems. 
 
3. BASIC DESCRIPTION OF THE CANDU REACTOR UNIT 
   
 
 
Figure 1 - Schematic illustration of a CANDU reactor core 
1. Main steam pipes; 2. Pressurizer; 3. Steam generators; 4. Heat transport pumpes; 5. Headers;  
6. Calandria; 7. Fuel; 8. Moderator pumpes; 9. Moderator heat exchangers; 10. Fueling machines. 
 
  A CANDU reactor utilizes controlled fission in the reactor core as a heat source to 
supply steam and electrical power.  
  The core of the nuclear steam supply system of a CANDU 6 power plant is a large 
cylindrical vessel called calandria. This vessel is filled with cool, low-pressure D2O.  
The vessel house has 380 horizontal tubes, loaded with natural uranium fuel bundles. 
That is shown schematically in Figure 1.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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3.1. Reactor 
 
  The reactor comprises a stainless steel horizontal cylinder, the calandria, closed at 
each end by end shields, which support the horizontal fuel channels that span the calandria 
and provide personnel shielding. That is shown schematically in Figure 2. The calandria is 
housed in and supported by a light water-filled, steel lined concrete structure (the reactor 
vault)  which  provides  thermal  shielding.  The  calandria  contains  heavy  water  (D2O) 
moderator at low temperature and pressure, reactivity control mechanisms.  
 
 
 
Figure 2 - Calandria and End Shield Assembly in Reactor Vault 
1. Calandria; 2. Calandria end shield; 3. Shut-off and control rods; 4. Poison injection; 5. Fuel channel 
assemblies; 6. Feeder pipes; 7. Vault. 
 
  The CANDU is fuelled with natural uranium fuel that is distributed among 380 fuel 
channels. Each fuel channel with 6 meter long contains 12 fuel bundles. 
General characteristics: 
- Reactor type:       PHWR; 
- Moderator and Reflector:    D2O; 
- Coolant:        Pressurized D2O; 
- Fuel:         Natural UO2; 
- Refueling:        On-power, bidirectional in adiacent fuel channel; 
- Refueling direction:     Coolant flow direction; 
- Fuel cycle:        Non recycle; 
- Calandria length:      7,82 m; 
- Calandria core length:    5,94 m; 
- No. of fuel channels:      380. 
 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
57 
3.2. Fuel channel 
 
  Fuel channels are one of the major distinguishing features of a CANDU reactor, and 
their reliability is crucial to the performance of the reactor. The following gives an outline of 
the key characteristics for CANDU fuel channels. 
  Each fuel channel consists of four major components: the pressure tube, the calandria 
tube, the annulus spacers and the end fittings (Figure 3). 
  The most important component of each fuel channel assembly is its 6 m long, 10 cm 
diameter zirconium alloy pressure tube that has a wall thickness of about 4 mm. As these 
tubes  contain  the  high  pressure  and  high  temperature  primary  coolant,  they  must  be 
adequately  resistant  to  corrosion/erosion  as  well  as  to  creep/growth  under  neutron 
bombardment. 
 
Figure 3 - Schematic illustration of a CANDU fuel channel 
 
1. Channel closure - removable plug; 2. Closure seal insert - metal seal face for sealing the plug; 3. 
Feeder coupling - Grayloc seal, removable for channel replacement; 4. Liner tube - to guide fuel and 
shield plug into channel; 5. End fitting body - steel support tube for channel components; 6. Outboard 
bearings - end fitting assembly slides axially at one end, to allow for expansion; 7. Annulus spacer - 
separates pressure tube and calandria tube; 8. Fuel bundle - slides inside pressure tube, on bearing pads 
mounted on each bundle; 9. Pressure tube - holds pressurized coolant, and contains fuel bundles. (30-
40 year life); 10. Calandria tube - supports the pressure tube, separates the moderator water from the 
pressure tube. Annulus between P/T and C/T contains low-pressure CO2; 11. Calandria tubesheet - 
supports and seals each calandria tube; 12. Inboard bearings  - second of the two bearings which 
support the end fitting; 13. Shield plug - to reduce axial gamma and neutron streaming from the 
channel; 14. Endshield shielding balls - carbon steel balls and water for axial radiation shielding; 15. 
Endshield lattice tube - separates shield balls and water from end fitting, and carries annulus gas; 16. 
Fuelling  tubesheet  -  supports  end  fittings,  positioning  assembly,  bellows,  and  lattice  tubes;  17. 
Channel annulus bellows - seals CO2 gas in annulus, allows for channel expansion; 18. Positioning 
assembly - holds one end of each channel in a fixed position. Position is adjustable. 
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Each  pressure  tube  is  located  inside  a  calandria  tube  with  the  gas  filled  annulus 
between these two tubes insulating the high temperature primary coolant inside the pressure 
tube  from  the  low  temperature  moderator  outside  the  calandria  tube  that  surrounds  each 
pressure tube. 
  Four annulus spacers (spaced about a meter apart) keep each pressure tube separated 
from the calandria tube which surrounds it, while also allowing the calandria tube to provide 
sag support for the pressure tube. The annular space around the fuel channel, which is filled 
with dry CO2 gas, is connected to an annulus gas system that incorporates moisture detecting 
instrumentation to warn of leaks from either the pressure tube or the calandria tube. 
  The ends of each pressure tube are rolled into stainless steel end fittings to form a 
pressure tight, high strength joint. These end fittings provide a flow path for primary coolant 
between the fuel channel pressure tube and the rest of the primary heat transport system by 
having a feeder pipe attached to each end fitting. 
 
General characteristics: 
- Fuel channel lenght:     10,8 m (including end fitting); 
- Reactor core coolant flow:    7,7 Mg/s; 
- Reactor inlet/Outlet header temp:  266/312 °C; 
- Reactor inlet/Outlet header press:  11,04/10,3 MPa; 
- Calandria tube material:     Zr-2; 
- Calandria tube outside diameter:  132,3 mm; 
- Calandria tube inside diameter:  129 mm. 
 
3.3. Pressure tube 
 
  The pressure tube is located inside eath calandria tube. The pressure tube acts as a 
horisontal beam supported at each end by its attachement to end fitting, and at intermediate 
points by the surrounding calandria tube, via the annulus spacers (Figure 4).  The principle 
functions  of  these  pressure  tubes,  which  are  the  major  component  of  each  fuel  channel 
assembly, is to suport and locate the fuel in the reactor core and allow the pressurized heavy 
water primary coolant to be pumped through the fuel and remove its heat. 
  The design of the pressure tube is quite simple, consisting primarily of determination 
of its length, inside diameter and wall thickness. As the high pressure/temperature primary 
coolant is slightly alkaline, the prssure tubes must be adequately resistant to corrosion, as well 
as to creep and growth. For the temperature and pressure of the coolant, which vary along the 
length  of  the  operating  pressure  tube,  the  following  aspects  are  considered  during  the 
calculation of stresses and assessment of the fatigue life for the pressure tube: 
- weight of fuel channel components, fuel and coolant; 
- feeder pipe loads and torques; 
- fueling machine loads; 
- axial loads due to the fuel channel belows, fuel movement and end fitting bearing friction; 
- annulus spacer loads; 
- loads imposed during a seismic event; effects of tube initial bow, misalignment and end of 
design life sag and elongation.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 4 - Schematic illustration of a CANDU pressure tube 
 
General characteristics: 
- Material:        Zirconium - 2,5% Niobium Alloy; 
- Length:        6 m; 
- Minimum inside diameter:    103 mm; 
- Wall thickness:      4 mm; 
- Maximum channel power:    6,5 MWt; 
- Reactor outlet header quality:  3%. 
 
 
3.4. Fuel bundle 
 
  The fuel channels are housed in a horizontal cylindrical tank (called a calandria) that 
contains cool heavy water (D2O) moderator near atmospheric pressure (Figure 5). 
  The reactor uses the proven 37-element natural uranium (NU) fuel bundle design. 
Each fuel element consists of a column of sintered NU fuel pellets inside a sealed zirconium 
alloy tube. The ends of a circular array of 37 fuel elements are welded to zirconium alloy 
support plates to form an integral fuel bundle assembly. Each fuel bundle is approximately 0.5 
metres long and 10 centimetres in diameter, and weighs about 24 kilograms. Its compact size 
and weight  facilitates fuel  handling. There  are  no criticality concerns associated with  the 
handling and transportation of fuel.     Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 5 - Schematic illustration of a CANDU fuel bundle 
 
General characteristics: 
- Material:        Sintered and compacted pallets of natural UO2; 
- No. fuel pellets/fuel pin:    36; 
- No. fuel bundles/fuel channel:    12; 
- No. fuel bundles/reactor core:    4560; 
- Structure:        37 fuel pins bundle; 
- Bundle lengh:        495,3 mm; 
- Bundle diameter:      102,4 mm; 
- Pin bundle diameter:     12 mm; 
- Fuel bundle nominal power:   800 kW. 
 
 
4. CONCLUSIONS 
 
  The  design  and  the  cofiguration  characteristics  of  the  fuel  channel  have  to  be 
considered in the design of the decommissioning device. 
  The  geometrical  sizes,  configuration  moving  features,  appropiates  radiations 
protection materials which will be used were assesed.  
  As well a list of some ancilary equipments for the decommissioning device, subject of 
the project, ware drafted.  
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FATIGUE CURVES FOR ALUMINIUM BRAZED AREAS 
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Abstract An important factor for the quality of joints is the brazed area. The fatigue check occupies a major 
position  among  many  test  procedures  and  methods,  especially  by  the  joining  technologies.  The  results  of 
processing the fatigue data experiments for aluminium brazed probes are used to find the regression function 
and the response surface methodology.  
   
Keywords: brazed joints, regression, durability 
 
1. INTRODUCTION 
   
The fatigue process of mechanical components under service loading is stochastic in nature. 
The prediction of time-dependent fatigue reliability is critical for the design and maintenance 
planning of many structural components [6].  
  The paper focuses on the development of the new technologies in the field of materials 
joining by welding and brazing and the processing of the obtained data from the fatigue tests 
of  the  probes  through  these  technologies  [1;8;10].  Here  the  experiments  are  applied  to 
aluminium small pieces :1.47 mm thick,  from AL 103 cf. British Standard BS EN 1044:1999 
(BSI 2) [2;5] (fig.1).  
 
   
 
Fig.1.Samples for fatigue test [6].  
The brazing operations were carried out in an electric oven radiant resistance at the temperature 
of 570
0C and the samples were cooled in the atmosphere [6].  To assure a right orientation of 
researches it was tried from the start, from the first set of experimental data, to establish the 
dependencies and interactions between the studied issues, respectively force or stress to which 
the samples have been subject, the brazed area, as  dependent factor and the resultant, number 
of cycles until the fracture. 
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2. FATIGUE CORRELATION 
     
The inherent nature of fatigue tests gives rise to a great deal of scatter in the data [4]. 
For example, if several specimens that have been carefully machined and polished, are tested 
at the same stress level, it certainly not unusual to have a variation of 10 to 20 percent in their 
fatigue life measured in terms of the number of loading cycles at which the specimen ruptures 
[3]. It therefore requires many tests to adequately quantify an S-N curve for a given material 
[4]. In this case it was evaluated the correlation between the stress (Y axis) and the number of 
cycles (X axis), corresponding to the classical fatigue tests, calculating the regression function 
with software CurveExpert 3.1. The small number of data offers a huge fitting flexibility of 
the experimental data. The yield is a lot of forms of the regression functions and a few among 
these were selected below: 
Vapor pressure model : 
   , cu a=442, b=-104382, c=-50.                                                               (1) 
Geometric fit: 
   , cu a=7.96*10
8,  b=4.3*10
-4                                                                                                              (2) 
Modified power: 
 y=ab
x , cu a=2.5*10
9, b=0.996                                                                                      (3) 
Exponential fit:  
y=ae
bx, cu a=2.51*10
9, b=-3.84*10
-3                                                                                                                   (4) 
As example it was chosen the last function, Exponential fit, with a standard error of the 
estimate S=1061.6 and modified correlation coefficient r=0.99998, plotted in fig.2, which is 
closer to the classical fatigue curves. 
 
3.DURABILITY EVALUATION 
 
Despite extensive progress made in the past decades, life prediction and reliability 
evaluation is still a challenging problem [6]. In the next step it was searched the dependency 
of the number of cycles, considered as an assessment of the fatigue durability and even of the 
reliability, following this criterion. As influence factors it was considered the stress (X1), the 
surface of the brazed area (X2), their product (X1X2) - the loading force, and the dependent 
variable (Y), the number of cycles (tab. 2).                             
        
Table 1. Experimental data 
 
Fig.2.Regression curve 
 
  med  Area   Force  Cycles 
number 
1  2300  495  1138500  361305 
2  4082  459  1873638  1099 
3  3064  477  1461528  19926 
4  3149  477  1502073  12744   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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A new regression calculus was applied, with a bivariate quadratic function, this time 
using Excel (tab.3) with Analysis Tool Pack (tab.2, 3, 4).  
  
 Table 2. Experimental data for bivariate function             Table 3.Regression summary 
         
  After the regression calculi the following values were obtained:  
 
Table 4. Regression results 
 
 
 
y = -19*10
6 +5031*x1 + 40046.58*x2 – 10.725* x1*x2                        (5) 
and the response surface was plotted with LabFit (fig.3 ) 
 
4.CONCLUSIONS 
 
The  paper  offers  a  synthesis  between 
the  engineering  experimental  activity 
and the modern statistical applications, 
computer  assisted.  The  applied 
statistical  methods  carried  out  some 
correlations,  interdependences 
regression  functions  to  evaluate  the 
initial  experimental  results  for 
aluminium brazing.  
 
 
Fig.3 Response surface plot 
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The continuation of the experiments will offer the possibility to verify the inference of the              
mathematical  expressions,  to  assure  the  consistency  of  the  subsequently  statistical 
evaluations.   
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RELIABILITY AND DESIGN OF EXPERIMENTS 
 
 PhD Eng. Adrian Stere PARIS, Univ. Politehnica Bucharest, email: s_paris@clicknet.ro  
 
 
Abstract. The mechanical reliability uses many statistical tools to find the factors of influence and their levels in 
the optimization of parameters on the basis of experimental data. Design of Experiments (DOE) techniques 
enables designers to determine simultaneously the individual and interactive effects of many factors that could 
affect the output results in any design. The state-of-the-art in the domain implies extended use of software and a 
basic mathematical knowledge, mainly applying ANOVA and the regression analysis of experimental data.   
 
Keywords: design of experiments, reliability; 
 
1. INTRODUCTION 
 
The  complexity  and  diversity  of  working  conditions,  the  number  of  variables  they 
involve, as well as the often chaotic environment to which they are subjected , makes it 
difficult  to  use  prior  knowledge  (in  the  form  of  mathematical  models,  for  example)  to 
construct and calibrate the manufacturing systems and other mechanical equipments. In these 
cases, experimentation, usually costly, is an important approach to generate knowledge which 
can be used for effective analysis and decision making [7]. The importance of the area for 
engineering activities is illustrated by the existence of a Society of Model and Experimental 
Engineers, founded in 1898. Experimental design, or Design of Experiments (DOE), provides 
a  set  of  consistent  procedures  and  principles  for  collecting  data  so  that  an  estimate  of 
relationships between one set of variables, called explanatory variables, and another, called 
dependent  variables,  can  be  performed  (even  if  there  are  experimental  errors)  [8].  K. 
Sundararajan [17] gives a very good image of the essence of design of experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Process factors and responses [17]   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
67 
 
2. DOE, RELIABILITY AND SOFTWARE APPLICATIONS 
        
The important influence factors can be identified empirically through experimentation 
which involves changes in the factors values and observing   the resulting reliability [14, 11]. 
When DOE is used for life testing, the response is the life or failure time [9]. E. Sivaraman 
[10]  described  some  principles  of  using  design  of  experiments  for  accelerated  reliability 
testing. Many important statistical softwares offer extended solutions for computer assisted 
experimental design, like Minitab [4], Statistica [15], etc., even specialized software for DOE 
(Statease  with  Design-Expert®  V8  Software  for  Design  of  Experiments)  [12].  The  same 
interest for experimental design is present in the case of reliability software, like Weibull++ 
[9], Reliasoft [13, 14], QuART [6], etc.[1]. ReliaSoft’s DOE++ offers a good combination 
between reliability and design of experiments. As example, during warranty analysis, a cylinder 
assembly was found to be problematic and the analyzed response of the experiments (field data) was 
measured  in terms  of  the  reliability  at the  end  of  the  warranty  period  and  was  obtained  through 
warranty analysis of sold items and warranty claims. QuART PRO can help reliability engineers 
analyze their experiments and use their statistical results to optimize (or improve) their design 
(or operation) [6]. For example, to increase the Mean Time Between Failures (MTBF) or 
decrease the Mean Time To Repair (MTTR) of a product to improve its overall Availability, it 
needs to identify which factors are affecting the performance measure and investigate what 
effects, these factors have on it [6].  
 
  Table 1  Experimental data   
 
 
 
 
 
 
 
 
 
 
 
 
 
3.APPLICATION EXAMPLE 
       
 A reliability experiment concerns the pneumatic tires for vehicles: the wear of tires is 
analyzed as function of the tires pressure (t) and vehicle speed (s) and the life time (L) is 
registered (tab. 1) [2].   M.Vigier [2] follows the usual statistical way for regression. Next is 
developed  the  computerized  way.  To  follow  the  same  path  of  calculus  it  will  be  used  a 
bivariate quadratic function for regression:   
L=b0+ b1t+ b2s+ b3t
2+ b4s
2+ b5st  (1)  and the coefficients b0,…..b5 will be determined.  
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For a more detailed analysis first will be determined a simpler regression function, a linear 
bivariate one, namely: 
 L=b0+ b1t+ b2s                                                                                                                   (2) 
with the calculi in MS Excel in the next tables:    
 
Table 2  Correlation     
 
         
In  Table  2  is  important  the  coefficient  of  determination  (R  Square),  0.855461, 
demonstrating a very good correlation. In the next table, with ANOVA results, the values of 
Fisher function, F (calculated value), and Significance F (tabulated value) are compared using 
the  F-test:  F>>Sig  F,  that  demonstrates  that  the  null  hypothesis  is  rejected:  there  is  a 
correlation between the experimental values [8]. The amount of evidence required to accept 
that an event is unlikely to have arisen by chance is known as the significance level α or 
critical p-value, the probability of observing data at least as extreme as that observed, given 
that the null hypothesis is true. Here the p-value from the table is lower than chosen ʱ (0.05), 
and  so  the  null  hypothesis  is  again  rejected.  On  this  basis,  it  is  possible  to  look  for  a 
correlation function for the dependency between the reliability (life time) and the variables 
pressure and speed. 
 
Table 4 Regression results 
    
       From table it results: b0=35.5; b1=23.3; b2=-0.43. After this verification, further, in the 
same way, it will be evaluated the data fit with the regression quadratic function (1).  
Table 5 Correlation 
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Table 6 Anova results 
 
        
 
As  above,  the  correlation  is  verified  (R  Square  is  even  bigger)  (tab.3),  and  analysis  of 
variance gives again a very good result for F-test:  F>>Sig F, that demonstrates that the null 
hypothesis is rejected: there is a quadratic correlation between the experimental values [7]. 
 
Table7 Regression results 
 
        
 From  table  7  it  results:  b0=364,  1;  b1=-237.5;  b2=-1.558;  b3=33.3;  b4=-0.004; 
b5=1.062. The p-values are here less decisive: only the value corresponding to interaction 
between speed and pressure (0.037) is lower than considered ʱ (0.05), that means, in a more 
restricted  analysis,  only  this  term  of  regression  function  can  be  considered  as  a  truly 
influential factor upon the life time of tires. The following studies may develop further the 
factors influence on the reliability of tires.      
 
4. CONCLUSIONS 
       
  Design of Experiments (DOE) techniques enables designers to determine simultaneously the 
individual and interactive effects of many factors that could affect the output results in any 
design. While there may be potentially many parameters that affect reliability, some factors 
will tend to be more important, with a bigger impact on reliability as the values of these 
factors are changed. A reliability experiment for the pneumatic tires is detailed: the life time 
(L) of tires is analyzed as function of the tires pressure and vehicle speed with statistical 
software solutions.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Abstract: The cloud computing market is one of the fastest growing segments in the global technology 
industry, yet less than a quarter of the PC (Personal Computer) users in Europe declare that they access 
cloud services. Cloud-based solutions [1] can and shall bring huge benefits to the European Union 
economies, allowing governments, businesses and consumers to access high-quality software and IT 
(Information  Technology)  resources  in  a  more  efficient  way  and  with  lower  costs  than  in  the  past. 
Unfortunately, most PC users in the European Union are not fully familiar with what cloud computing is 
and still fail to take advantage of the opportunities it offers. This paper aims to present some aspects on 
the use of cloud computing services for the computerization of society and for its transformation into an 
information society as an intermediate step towards the knowledge society. 
 
Keywords: cloud computing, information technology, e-government, information society 
 
 
1. INTRODUCTION 
 
In a study involving nearly 4,000 PC users of 9 European Union countries, including 
Romania [2], only 24% of respondents said they used cloud services such as e-mail or online 
text processing, compared with 34% of respondents globally. Also, most European PC users 
are not familiar with cloud computing technology, 65% of them saying that they "had never 
heard of cloud computing" or "had heard only the name of cloud computing‖. Data from the 
European  study  were  drawn  from  a  larger  survey  focused  on  PC  users  worldwide  and 
conducted in 2012 by Ipsos Public Affairs for BSA (Business Software Alliance). 
The study revealed significant discrepancies between the levels of knowledge of cloud 
computing technology within the European single market. Thus, one of four PC users in the 
UK (28%) and Greece (24%) said they were highly familiar with it, compared with one in 10 
users in Poland (9%) and France (10%). Romania ranks fourth among the countries with the 
highest level of familiarity with cloud computing solutions: one in five Romanian users (20%) 
consider themselves to be expert in cloud-based solutions. 
The highest rate of cloud computing technology use is found in Greece and Romania, 
with a percentage of 39%, significantly higher than the European and global average. The 
percentage is considerably higher than the familiarity rate of the most developed European 
markets,  where  a  much  smaller  percentage  of  PC  users  say  that  they  access  cloud 
applications; e.g. Germany (17%), Belgium (18%) and France (19%).  
The difference reflects the global trend identified in the research, according to which 
the emerging markets have surpassed the mature markets in terms of cloud-based solutions 
usage.  In Romania, the use of cloud  technology  has  advanced rapidly  because,  generally 
speaking, Romanians are open to new ideas and ready to use the latest technologies - first of   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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all for personal and "entertainment" reasons and subsequently for business [2, 3].  
In the EU, 86% of the cloud service users said they resort to them for personal use, 
especially those offered for free. Only 29% of them say they use cloud solutions for business, 
a  percentage  close  to  the  global  average  of  33%.  In  Europe,  the  most  popular  cloud 
applications and services are: e-mail (79%), online text processing (36%), photograph storage 
(35%) and online games (35%). 
 
1.1. Electronic government (e-Government) 
  Electronic government or e-government is the digital interaction among government, 
parliament, central and local governments and citizens. By implementing e-government, the 
(central and/or local) government has to redefine the way in which the state interacts with the 
community, bringing it closer to the citizen and it involving him in the government process. 
The process of e-government is a complex one, developed on several levels: 
  The interaction between Government and Citizens (G2C). The Government must 
implement information technologies in order to simplify the citizens’ obligations 
towards the state (taxes, fees, etc.). The e-government segment dedicated to the 
interaction between the government and the citizens should consider developing a 
one-stop digital office, an electronic platform that allows access to both electronic 
and  traditional  and  online  services.  The  results  of  the  electronic  services 
implementation aim to improve the quality and availability of public services and 
the degree of participation of citizens in the decision-making process and, last but 
not least, to improve communication between government and citizens, which can 
become more interactive. 
  Interaction between Government and Government agencies (G2G).  The second 
level  of  e-government  addresses  communication  between  state  institutions.  By 
implementing  intelligent  solutions,  the  interaction  will  become  more  efficient 
using Intranet, which will allow better collaboration and more efficient resource 
assignment. This will allow an optimization of the document flow within public 
authorities and will reduce the number of procedures entailed by the administrative 
process. 
  Interaction  between  Government  and  the  Business  environment  (G2B).  The 
electronic  services  that  should  be  available  through  the  digital  one-stop  office 
should also include services dedicated to the business environment, such as: the 
procedure to register a business, to obtain documents, certificates, licenses. These 
services,  which  traditionally  require  bureaucratic  procedures  and  long  waiting, 
shall be more accessible. 
By creating a single service delivery office, e-government allows significant savings to the 
budget. Money thus saved can be redirected to support other areas of the public sector. e-
Government can be applied in order to make the public sector and the business environment 
more efficient and to achieve sustainable economic growth. 
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1.2. EuroCloud Europe 
In autumn 2012 the European Commission launched the Cloud Computing Strategy 
for the European Union as a first step to stimulate the adoption and increase of the use of 
cloud technologies within the European single market. The European Commission encourages 
legislators to develop a generous global approach to cloud computing so as to ensure that both 
cloud computing European users and providers will enjoy the full benefits of this market 
growth. 
EuroCloud Europe is a federation of independent European non-profit organizations, 
present  in  30  European  countries  which  adhere  to  the  general  mission  and  objectives  of 
EuroCloud: to promote and raise awareness of the benefits of the cloud computing market in 
Europe. Through the annual events they organize, EuroCloud facilitates knowledge sharing, 
creation of a contact network and the establishment of strategic alliances with the European 
industry. 
Through its office in Brussels, EuroCloud Europe participates in the working groups 
on the standardization of cloud industry in the European Commission (trust, certification, 
interoperability). In less than two years, EuroCloud has been present in 27 European countries 
with legally established organizations in 18 countries, including Romania. The directors of the 
boards of the organizations from these countries are members of the EuroCloud Europe and 
have one vote in the decisions to be taken at European level. 
Cloud computing is, above all, a widespread phenomenon. To exploit the full benefits 
of  this  phenomenon,  Europe  needs  a  well-organized  digital  single  market  which  is  also 
connected globally; thus, European users will have the freedom to choose the best cloud 
services, while European cloud service providers will have opportunity to grow in emerging 
markets with the greatest potential for growth outside Europe. 
 
2. TRANSIT TO E-GOVERNMENT 
 
The Internet undoubtedly plays a very important role in our everyday lives and an 
increasing  number  of  services  for  individual  consumers  (citizens)  move  on  cloud-type 
structures. And it is also an undisputed  fact that the Internet remains the fastest and most 
effective way to reach the common person, often even before the traditional media such as 
television and radio. 
First of all, we must analyze the reasons why a state (government) must promote an e-
government system [4]. The reasons are many, and some of them are not so obvious: 
  Transparency of governance – means free access to information of general interest 
to citizens, legislature and executive decisions that can be made available within a 
few  minutes  after  they  were  taken,  as  well  as  fast  and  convenient  search  of 
regulations and documents in the legal records. This is what we see when we look 
for the text of any law or emergency ordinance, especially those which contain 
amendments  to  another  law,  which  in  turn  is  a  modification  of  a  law,  and 
navigating from one document to another is done with a simple click. 
  financial motivations of e-government – these are substantial savings to the public 
budget  arising  primarily  as  a  result  of  optimizing  resource  expenditures  (a 
centralized approach to procurement which provides not only a much better price   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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because of the quantity involved, but also better control of the way in which public 
money is spent). In addition, a centralized approach of the service offering type 
allows subcontracting of certain parts to experienced companies, which can result 
in significant savings (for example, a private national government network, built 
and operated by the state would be extremely expensive - except in certain very 
specific cases - given that there are offers for Internet connectivity even in remote 
communities and at very affordable prices and which can provide secure VPN 
(Virtual Private Network) - type communication. 
  Access to information and sharing – citizens can access any piece of information 
concerning their own person, from online filing of tax returns, pay tax liabilities 
over the Internet to the public administration and up to the resolution status of 
document issuing (although we are still far from a complete automated issue of 
identity documents, in some countries citizens can pre-authenticate and register 
their request for replacement of a document directly through the Internet, having to 
pay  only  one  visit  to  the  administration  office  for  retrieving  the  physical 
document). 
  Enhanced analysis of social information – allows investigation of the population 
evolution trends in a country by correlating information from different sources, 
and  by  devising  long-term  plans  on  demographics.  The  best  example  is  the 
analysis of data related to the working population, social contributions and long-
term sustainability of pension and public health systems. 
  Process flexibility and speed up – bringing into contact the various government 
entities  facilitates  a  better  correlation  of  the  institutional  activities,  the 
collaboration between these and access to / sharing of information among state 
bodies, including between the central government and the local governments. For 
example, a road construction involves the Ministry of Transport, the Office for 
Cadastre and the local governments on the route (to name but a few, as there may 
be many more entities involved), and the exchange of electronic documents [4-5] 
among these bodies is more efficient than in the case of the classical letterhead and 
stamp. 
  Consolidating  information  on  the  citizen  –  this  is  an  issue  associated  to  the 
childhood of every government computer system, which we have not been able to 
avoid  either,  namely:  the  lack  of  complete  centralized  public  records  on  the 
citizens which are correlated with other information of interest to the government. 
Thus,  in  the  first  years  after  1990,  massive  databases  of  public  records  were 
developed (the introduction of the PIN (personal identification number) was just 
one  of  the  requirements  of  these  programmes),  but  we  later  reached  a 
conglomeration of databases with specific destinations, which were not correlated 
with each other (for example: the registrar, passports and driving licenses offices) 
and which subsequently require substantial effort for unification. Another example 
of enhanced development of databases is that of the health system [6]. Once the 
foundations of centralized management of health services were laid through the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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SIUI (Sistemul Informatic Unic Integrat – The Unic Integrated Computer System) 
several very useful services for citizens were developed, such as: 
  The Health Card (e-cards) – a simple and effective way of identifying an 
insured  person,  which  is  aimed  at  reducing  errors  when  processing 
compensated prescriptions and, not least, at deterring fraud; 
  The  electronic  prescription  (e-prescription)  –replaces  the  paper-based 
prescription with database record (filled in by the physician, but readable 
by the pharmacist), which allows the person to buy the medicines from 
various  pharmacies  (the  paper-based  prescription  required  that  the 
pharmacy have all the medicines on the prescription); 
  The electronic health record (e-health record) – a project that enhances the 
patient's  medical  information  throughout  their  entire  life,  and  which 
provides  a  doctor  with  all  the  information  about  the  patient  in  an 
emergency  case:  previous  treatments,  medical  tests,  allergies  and 
incompatibilities and so on, which dramatically reduces medical errors. 
The SIUI system allows one to easily verify information about a citizen (with only some of 
this information being public - for example, the insured status can be checked from the link in 
the useful resource box. However, implementing electronic government also poses special 
problems, which must be dealt with great care because they can have catastrophic effects. We 
will mention only a few of these issues whose importance is obvious: 
  Database integration and updating – the more disparate the information, the more 
difficult their management and transfer among different public institutions. If we 
take  the  example  of  the  relationship  between  population  registry,  tax  and 
healthcare system, we can have a picture of the data traffic required for the update, 
correlation and use of the aggregate information about  a citizen. Moreover, as 
errors may occur, as well as lack of synchronization (the present day population 
migration poses special problems to updating this information), there are protocols 
and regulations to solve these problems - for example, the population registry is 
the "master" database which feeds information for the update of the others. 
  Data Security – this requires national database operators to be extra careful, as the 
government is responsible for the security of the data and any loss or theft can 
have  adverse  consequences  (there  have  been  cases  in  other  countries,  widely 
mediatised, in which information on citizens or military personnel has been lost). 
  The concept of privacy – citizens are rightfully concerned about the potential use 
of their personal information for purposes other than those stated, and one of the 
small  inconveniencies  that  can  happen  is  to  be  assaulted  with  commercial 
information by third parties, but there have been situations in which the loss or 
theft of personal data resulted in their use in order to get money or fraudulent loans 
from banks. 
In order to remove individual data security concerns, while allowing the use of the 
existing information, access is allowed only to consolidated data from which any identifying 
information  has  been  removed,  so  that  one  can  use  the  information  for  statistical, 
demographic, purposes etc..   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2.1. Technologies for e-government implementation 
Cloud technology appears to be very promising, as it enables flexible, highly scalable 
(from a site in a village to server farms for an entire country), economic (resource allocation 
and  control  allows  better  cost  management)  and,  not  least,  uniform  and  standardized 
implementation (with major benefits for the management of such a system). 
Another  area  which  has  been  extensively  explored  is  that  of  the  open-source 
programmes that allow government agencies to use mature and reliable software platforms [4] 
without having to worry about purchasing a complicated and complex license system. Since 
most commercial companies producing software provide a clear license to a company with a 
fixed number of users, but cumbersome and complicated especially when it comes to a large 
number of users who connect from the Internet (such as an entire country), the choice of an 
open-source system becomes more natural and simple. 
In recent years we have focused on the concept of Open Government Data, a set of 
technologies  enabling  quick  and  easy  access  to  public  data  in  an  aggregate  form,  whose 
pioneers include the U.S. and British governments. This way, a wide range of information 
becomes available, from weather forecasts to maps of areas of forest fires exported in Google 
Earth format. 
 
3. CONCLUSION 
 
The mere computerization of the current government projects does not mean current 
transition  to  e-Government.  This  involves  strategic  thinking,  support  and  coordination  at 
government level. The e-Government strategy is a requirement of the European Union for all 
Member  States,  and  one  of  the  objectives  of  the  e-Government  at  European  level  are: 
inclusion of all social groups as beneficiaries of e-government services, the use of information 
technology for more efficient and effective government, creation of an electronic identity 
recognized by the Member States. 
The benefits of e-Government (reduction of bureaucracy, transparency, inclusion of all 
social groups as beneficiaries of services, etc.) are all aims analyzed for developing the e-
government  strategy.  The  Ministry  of  Communications  and  Information  Technology  has 
initiated  studies  and  research  which  can  be  the  base  of  European  funded  projects,  has 
launched projects to serve as a model for implementing the e-government strategy and has 
initiated cooperation agreements with other central government institutions. 
In  e-Government  information  is  more  important  than  technology,  because  the 
information is valuable; it gives rise to partnerships with the private sector and with other 
government entities. Moreover, it should also be understood that e-government is not an end 
in itself, but a means to be closer to citizens, to create a transparent and trusting relationship 
with these. The Government aims to have an efficient administration and to be closer to the 
Romanian citizens whom they wish to provide efficient and non-bureaucratic services. As the 
e-government  strategy  aims  inclusion  (e-Inclusion),  the  Romanian  Government  started  an 
initiative to contribute to the development of the use of computers by students and by the 
personnel of rural municipalities.  
This initiative demonstrates the government’s interest in educating the people to use e-  Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Government services. 
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Abstract: Fees charging for railways capacity (infrastructure, stations, signaling, etc.) is a mechanism 
that allows different users of railway services to have access to the rail network under fair conditions. 
This  mechanism  allows  rail  operators  to  offer  new  services,  to  improve  choice  and  quality  of  rail 
transport offer and to encourage those who operate them, under the effect of competition, to lower costs 
and improve services quality. Meanwhile, in a vertically integrated rail system, the integrated railway 
company is not excited to authorize new users to use its network, thus entering into competition with its 
own services. Difficulties in implementing this type of relationship between integrated railway companies 
and  other  stakeholders  have  led  in  Europe,  especially  under  the  influence  of  the  European  Union 
(Directive 91/440), to the separation of operational railway infrastructure, first in terms of accounting 
and  then,  more  and  more,  functionally.  The  Infrastructure  Operation  Fee  (IOF)  is  an  annual  fee, 
monthly  paid,  which  gives  a  railway  passenger  or  freight  operator  the  right  to  operate  on  owned 
property or on property managed by National Railway Company CFR SA (CFR). This fee will cover fix 
and  variable  costs  (caused  by  the  movement  of  trains  on  infrastructure  and  taking  into  account 
infrastructure improvements and constructions performed for this purpose) and provide an acceptable 
rate of return. 
 
Keywords: infrastructure operation fee, basic services, binding services, additional services, voluntary 
services, fixed costs, variable costs  
 
 
1. BRIEF HISTORY 
 
Since 1997, even before the restructuring of the former National Society of Romanian 
Railways  it  has  begun  the  process  of  highlighting  the  volume  of  train-kilometers  for 
evaluating  and  preparing  the  application  of  infrastructure  operation  fee,  so  that  the 
establishment  in  October  1998  of  the  three  main  railway  companies  (CFR  SA  as 
infrastructure  manager,  Romanian  Freight  Railway  company  and  Romanian  Passenger 
Railway company as freight and respectively passenger Railway Transport Operators (RTO)) 
allowed a relatively simple adaptation of the old computing system used to highlight the train-
km service [1]. The charges system arising from this situation leads to four objectives: 
a. Efficient use of infrastructure. Fees must be established so that infrastructure to be used as 
efficiently  as  possible.  Utility  of  infrastructure  for  rail  service  beneficiaries  must  be 
optimized. Because a railway sector can be used in many ways, an administrative division 
mechanism can not determine the best use.  
b. Permissive access to infrastructure use. Fee mechanism be established so as the available 
level of infrastructure to meet the demand of use. The charging system should encourage 
infrastructure providers to provide quality infrastructure, at a minimal cost; in other words, 
nothing should encourage infrastructure providers to use excessive labor or capital. 
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c. The efficacy of the rest of railway activities. At the same time, infrastructure charge should 
also  improve  the  efficiency  in  the  rest  of  railway  activities.  Infrastructure  charges  can 
contribute to the diversification of market structure and to increase overall efficiency in the 
railway sector. 
In  august  2000  appeared  the  first  RTO  with  private  capital  in  Romania  which 
performed freight traffic. At the concluding of the rail infrastructure access contract with CFR 
SA, it was established a IOF level of 5.8 EURO/train-km. The IOF has been determined based 
on calculations which were taking into account mainly the costs of CFR SA for operation and 
maintenance of: 
  Traffic lines and points; 
  Fixed assets needed for basic activities; 
  Traffic safety facilities; 
  IT and telecommunications systems; 
  Other systems that are connected with the activity of train movement. 
IOF  value  was  determined  taking  into  account  the  costs  for  these  items  (except 
budgetary  allocations  for  major  investments  and  capital  repairs)  reported  to  statistically 
volume of train-km of the CFR railway network. 
In 2004 appeared the first RTO with private capital, which performed passenger traffic 
and hence IOF recalculation was required for this type of traffic as the previous value of 1.3 
EURO/train-km took in consideration only CFR passenger activity that is subsidized by the 
state. Thus in March 2004, following IOF recalculation it was issued a Minister order which 
established  the  IOF  amount  for  passenger  traffic  at  2.4  EURO/train-km,  this  value  being 
contained in Government Decision no. 1387/2004 which establishes new contract activity of 
CFR SA. Later, in 2006, IOF values were expressed in RON at a value of 14 RON/train – km 
for freight traffic and 9 RON/train-km for passenger freight [2 – 3]. 
 
 
2. CURRENT METHODOLOGY FOR IOF CALCULATION 
 
Currently on Romanian rail operates 24 RTO in freight traffic (from which only CFR freight 
has state capital) and 5 RTO in passenger traffic (from which only CFR passengers has state 
capital). Also, together with the CFR railway network dividing in interoperable and non-
interoperable lines, on non-interoperable lines leased by CFR SA also appeared a number of 
new freight and/or passengers RTO, with capital which has operating rights on these sections. 
Moreover,  several  factors  used  in  IOF  calculation  have  changed  by  outsourcing  of  some 
activities such as telecommunications, electrification and mechanical maintenance of rails. It 
is obvious that under these conditions, the most difficult task of the CFR SA is to follow basic 
services (train-km) performed by RTO and establish fair and objective ways of calculating the 
IOF. IOF is calculated based on rates statistically determined but not explicitly taking into 
account the level of expenditure and the utilization level of infrastructure depending on the 
train tonnage, velocity on different sections and others. On the other hand, the fee for use of 
infrastructure comprises purchase of the following types of infrastructure sector: 
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a. Basic services: those services which are necessary to allow transit for at least one diesel 
train on the network without maneuver or refueling, namely: 
• Access right on rails and processing application for trace; 
• Use of rails and switches; 
• Train traffic (signaling, dispatching, regulatory, telecommunications). 
b. Additional services: services that owners of equipment, both the infrastructure manager 
itself or third parties, must provide upon rail transport operator’s request, which are essential 
for certain categories of trains; 
c. Required Services: These services are provided automatically by or through infrastructure 
manager; 
d. Optional Services: those services that are provided on commercial principles, including 
services such as handling or access to communications networks. 
In  accordance  with  the  legislation  in  Romania, CFR  SA  has  the task  to  propose  an  IOF 
calculation system, which then must be approved by the ministry, following that the actual 
values  to  be  approved  by  the  government.  Therefore  it  was  necessary  a  new  operational 
system able to daily calculate IOF for each RTO, given the actual traffic carried. This process 
should be independently assisted and defined as unique way officially recognized for issuing 
payment obligations related to infrastructure access. The new methodology was approved by 
Government  Decision no. 700/2007 regarding the 2007 Addendum to  contract  activity of 
CFR SA. 
 
2.1. The main elements of the methodology 
Public railway infrastructure operation fee is the amount paid by the railway operator 
for the provision of rail infrastructure by ensuring minimum set of services for RTO trains 
circulation and access through the network to services infrastructures and services provided 
according  with  provisions  of  art.  5  from  the  Government  Ordinance  no.  89/2003  on  the 
allocation  of  railway  infrastructure  capacity  and  the  levying  of  railway  infrastructure, 
approved with amendments and completions by Law no. 8/2004 as amended. 
For public rail infrastructure, the calculation and collection IOF is CFR SA task as 
railway infrastructure manager in accordance with art. 4 align. (2) of Government Ordinance 
no.  89/2003  provisions.  The  price  RTO  must  pay  for  services  is  established  based  on  a 
formula that consists of two main parts: 
a. The fixed part, (where RTO chooses price regime, taking into account fixed costs); 
b. The variable part, which can be divided, optionally, further in: 
  a part related to marginal costs; 
  a part regarding the possibility of recovery or cost effectiveness. 
IOF applies without discrimination to all RTO for similar conditions of transport in 
accordance with art. 4, align. (6) of Government Ordinance no. 89/2003. IOF calculation 
method is based on the following elements: 
a) train distance; 
b) the gross tonnage of the train; 
c) the type of traffic: freight or passengers; 
d) route of movement; 
e) department traffic class and existing electrification systems ensure traction current.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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IOF  is  calculated  and  applied  for  each  train  traveled,  based  on  the  above  items.  Traffic 
sections  of  public  infrastructure  are  divided  into  7  classes  based  on  the  technical 
characteristics of each section, according with the following table (Table 1.).  
For  setting  the  tariffs  for  each  line  category,  in  accordance  with  art.  7,  align.  (3)  of 
Government Ordinance no. 89/2003 provisions,  there are considered direct costs resulting 
from  the  operation  of  trains  which  are  distributed  according  to  the  type  of  freight  and 
passenger traffic, as follows: 
a)  Fix  costs  depending  on  the  used  traffic  route,  representing  costs  with  traffic 
management on public railway infrastructure; 
b)  Variable  costs  depending  on  the  gross  weight  of  the  train  representing  costs  of 
maintenance and operation of public railway infrastructure. 
  Speed (km/h) 
Traffic section class  From  To 
A  121  200 
B  101  120 
C  61  100 
D  0  60 
E 
For rails with freigt only traffic 
0  60 
R 
For rails with reduced traffic: traffic 
volume less then 5 trains per day 
 
- 
 
- 
I 
For rails with narrow gauge 
 
- 
 
- 
Tabel 1. Traffic sections clasification 
 
  Basic  tariff  elements  applicable  to  determine  IOF  are  defined  function  of  costs 
incurred by CFR SA for the operation of the railway infrastructure. IOF value for a train with 
covers a traffic route is calculated by the sum of rates for each distance traveled on a traffic 
section (IOF section), depending on its class, using the following formula: 
IOF =  IOFsection 
where: 
IOFsection = IOFtonnage + IOFtraffic 
and: 
  IOFtonnage – represents the tariff for rail infrastructure use on a traffic section 
class function of travelled distance and existence of electrification system 
as well as weighted tonnage of train, which is given by the formula: 
IOFtonnage = (Km * Tts) + (Gross tonnage – Tmin) * Ft * Km * Tts 
where: 
Km = number of travelled kilometres on the traffic section; 
Tts = Ttse if the section is electrified; 
Ft = 0 for trains with gross tonnage less then Tmin; 
Tts = Ttsn if the section is not electrified;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Gross  tonnage  =  gross  tonnage  of  the  train  according  to  the  form 
―wagons appearing‖, including locomotives in action or locomotives 
or railcars tonnage in case of non towed rolling material traffic. 
  IOFtraffic – represents the tariff for traffic management according to travelled 
distance and is given by the formula: 
IOFtraffic = Km x Tc 
where: 
Km = number of kilometers traveled on traffic section. 
Value of tariff base elements determined by CFR SA for each class section of traffic 
and for type of freight and passenger traffic will be provided in the Performance Contract 
together with the application mode of IOF. IOF is calculated by CFR SA by own informatics 
means, based on data provided by specific tracking systems for train movements. 
Detailed  situation  of  traveled  trains  will  be  presented  monthly  to  each  RTO  for 
analyzing, agreeing and its approval as provided in the contract of access stated in art. 18, 
align.  (1)  of  Government  Emergency  Ordinance  nr.12/1998.  The  contract  of  access  will 
specify access paths allocated to RTO and the methodology for determining the IOF. 
After determining the values of basic tariff applicable to determine IOF according to 
costs  incurred  by  CFR  SA  to  operate  the  railway  infrastructure,  several  calculation 
alternatives  were  simulated,  currently  being  approved  by  the  Association  of  Transport 
Operators with private capital (ATFER) and the Ministry of Transport (through DGITF), IOF 
version leading to a statistical average of 14 lei / train-km for freight and 9 lei / train-km for 
passenger traffic. 
 
3. USE OF INFORMATION TEVHNOLOGY 
 
In  the  past,  IOF  calculation  was  performed  using  computer  applications,  called 
CICLOP  (for  CFR  Passengers)  and  -  respectively  -  SIT  (for  CFR  Freight),  designed  to 
highlight  the  services  of  traction  means  for  the  benefit  of  railway  operators.  These 
applications have been adapted to ensure also the calculation of the volume of train x km 
achieved in traffic [2-3]. 
To implement the mechanism required by the new approved methodology, under a 
consulting contract financed with European funds, it was accomplished a software application 
named ―IRIS-CALIPSO‖ which calculate the IOF for each train traveled according to the type 
of traffic, tonnage and route. A detailed presentation of this application is included in the next 
chapter. 
The  main  problem  lies  in  the  proper  acquisition  of  data  traffic  provided  by 
programming and traffic monitoring systems currently used in CFR SA (IRIS- ATLAS, IRIS-
CRONOS and IRIS-FOCUS) which now have a satisfactory availability. 
 
3.1. The current methodology 
When determining the current methodology for calculating the IOF, several computational 
models of IOF were taken in consideration, namely: 
  American  model,  which  is  based  on  the  costs  of  the  market,  based  on  a  well 
defined and flexible formula, approved by the Government;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
83 
  German model, which assumes full coverage of costs to customers and ensuring an 
acceptable profitability rate; 
  British model based on infrastructure costs caused by market factors; 
  Swedish model, which is based on short-term marginal costs and reflects social 
objectives related to the use of roads and railways. 
Currently IRIS-CALIPSO software application is used. During functional testing, the 
application (computer engine) proved fully accurate calculations that meet the requirements 
for trains whose routes and traffic data could be retrieved correctly. 
In holistic, we can say that the current trend has real perspectives to lead to successful 
implementation  of  IRIS-CALIPSO  application  as  an  exclusive  support  for  access  to  rail 
infrastructure charging. 
 
4. IRIS – CALIPSO SYSTEM 
 
IRIS-CALIPSO  is  a  new  application  that  was  developed  in  collaboration  with 
infrastructure  access  team  to  help  their  daily  procedures,  in  trains  registration  and 
infrastructure use fee calculation, for the calculation system of infrastructure access tariff. 
The  application  has  become  necessary  to  review  the  method  of  calculating,  in 
accordance with EU Regulation 14/2001 and Ministerial Order no. 89/2003. New basis of 
calculation includes rail quality, operating costs on rail classes and a coefficient for gross tons 
kilometers for each sector. The section uses CALIPSO also to estimate IOF for train paths and 
tonnage and to stimulate the effect of tariffs changes. It takes into consideration the train 
weight and traction type [4]. 
The application uses trains from IRIS-CRONOS, based on daily schedule from IRIS-
ATLAS. Errors can be corrected, invoiced and statistically generated. Trains can be manually 
created and edited, in case they are not reported in IRIS-CRONOS. The infrastructure access 
sections use the system also to issue precise payment orders, fair, with details for each train or 
on statistical lines sections. 
The  application  also  generates  an  interface  with  'Cashed  accounts"  in  Oracle 
Financials. The selected route is displayed for clarity on a map of routes. Infrastructure access 
staff at central, regional level can use the system for daily processing. IRIS-CALIPSO works 
daily, in real time and has extensive processes to perform daily and monthly checks. 
 
5. CONCLUSIONS 
 
Most  EU  countries  have  a  combination  of  fares,  train  kilometer  and  gross  tons 
kilometer, as in Romania. Most of them use gross tons kilometer, for functionally related 
costs, which means that freight pays more for heavy trains than passengers. However they pay 
exactly  the  same  for  equivalent  train  [2-3].  Allocation  of  activity  between  freight  and 
passenger transport is very difficult to achieve because there is a sharp decline in freight 
transport,  which  is  why  passenger  traffic  gradually  takes  some  more  significant  activity 
around rail. 
Most  tariff  regimes  have  multiple  categories  of  lines  with  different  coefficients,   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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reflecting different speed regimes. And this is applied in Romanian proposals [5]. Formula 
proposed  in  Romania  is  aligned  with  the  best  European  practices.  Collecting  mechanism 
based on IRIS computer system is also aligned with best European practices.  
CFR project to use IRIS system as main base, plus payments quotation system (IRIS-
CALIPSO) is consistent with best European practices. IRIS-CALIPSO application turns out 
to be perfectly suited for the implementation of the new methodology for calculating fees for 
railway infrastructure use. 
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Abstract: The transhipment method is using a cable trolley system. The two ships are moving on parallel way in 
the same direction, between them is suspended carrying the trolley wire. Transhipment of goods is made using 
container  boxes  which  are  caught  by  the  trolley  load  jacks.  The  method  offers  the  advantage  of  high 
productivity, regardless of sea conditions. Basically, the system is usable at high degree of agitation of the sea. 
Slack in the cable carrier is assured by an automatic tension-adjusting device. 
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1. INTRODUCTION      
 
The basic idea from which we started the design work was to enable the transhipment 
of goods and materials between two vessels in open sea, while the agitation of the sea does 
not allow boarding ships alongside.  
The first step in designing the system was to choose the specific case of transhipment, 
for which we would calculate the system. Both vessels are in a parallel way moving with 
equal speed as possible so that the distance between them remains approximately constant. 
The link between ships is via cable carrier, suspended between the two ships on which 
is moving the trolley. Mechanical traction is being provided by a derrick load winch from the 
loading and unloading system of a ship.  Given the difference in  level between the cable 
carrier suspension points on the two ships, we chose the solution of mixed driving, so, the 
trolley goes up from lower ship to higher ship by mechanical action and downwards by the 
action of gravity by the weight of the trolley.  
The fact that downhill race that requires no mechanical drive but only trolley brake 
allowed a very simple approach in terms of construction, by two wire, with a carrier cable and 
pulling cable in an open circuit. The lifting-pulling cable realizes beside the moving motion of 
the trolley also the lifting. In order to ensure sufficient reserves of height was imposed to 
adapt a system by proper tensioning of the carrier cable to reduce as much as possible the 
value of the force vector under load action.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Because the change of distance between the cable suspension points on the two ships 
occurs a variation in force’s vector in cable (arrow increases with decreasing distance for a 
constant load) and therefore of the reserve height, was imposed to adapt an another system 
which at the change of distance between the cable suspension points, ensures the maintenance 
of relatively constant cable tension together with the value of force’s arrow in cable– Fig.1.  
 
 
Fig.1 Diagram of transhipment system: 
1, 2 – ships; 3- carrier cable, 4-pulling cable, 5-cart, 6-derricks, 7-load container, 8-cargo hold hatches, 
9-hidraulic cylinder, 10-driving winch, 11-automatic carrier cable tensioning system, 12-cart catching 
system, 13-stopper - trigger. 
 
Carrier cable suspension points are block rollers fixed on ships derrick top. The carrier 
cable is anchored rigid on deck after it was first passed over the suspension top point on 
derrick top. The other end of the carrier cable passes over the point of suspension of the other 
ship derrick through automatic tensioning system and then the cable is anchored rigid to the 
deck. Pulling cable is connected with one end to the trolley and the other end, after passing 
over the point of suspension of ship-derrick, is wrapped on winch drum. The trolley jacks 
catch container crate for transporting goods and materials.  
The reels which are points of suspension of the carrier cable are mounted in blocks 
with one face removable or clamp type to allow easy handling when installing the cable. The 
blocks are fixed on derrick end using swivel span block. Derrick top end block is double type 
with one roler for carrier cable and another for pulling cable. Derricks which are holders’ 
suspension  points  of  the  cables  are  derricks  from  opposite  ship’s  side  from  which 
transhipment is made. They are oriented approximately by the ship’s longitudinal axis, less 
inward so that their heads lie approximately two meters from the longitudinal plane of the 
vessel.  
Derrick’s balancing angles are normal, so derrick heads projections approximately fall 
on middle of the hatch. We chose derrick’s position indicated above, when the carriage is at 
one end of travel and we lower container crate in the hold, it should fall approximately on the 
centre of the hatch, thus excluding the possibility of collision of the box with the hatch walls 
under wave motion. We adopted a trolley with two jacks because by suspending the box-
container by two points it reduces more the swing movements compared to if the box would   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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be suspended in a single point. The main element of automatic tensioning cable system is the 
hydraulic cylinder. It is kept permanently oil pressurized from a hydro pneumatic accumulator 
which is under the deck. Hydro pneumatic accumulator pressure oil is fed through a pressure 
reducing valve from hydraulic system of the ship. At the end of the hydraulic cylinder piston 
rod is mounted a battery blocks. On deck near the hydraulic cylinder piston rod end position 
(the position of the piston PMI), is mounted a battery of blocks. Hydraulic cylinder and the 
two batteries of rollers form the cable automatic tensioning system. Thanks to the heavy sea, 
the two vessels will have roll and pitch movements.  
These movements lead to variations in the distance between the points of suspension 
of the carrying cable of the two ships. To maintain approximately constant the tension on the 
cable, regardless of vessel movements (basically between the two points of suspension the 
cable  to  be  permanently  stretched,  without  developing  large  arrows  and  not  let  it  to  be 
dangerous stretch or tear) is required payment of cable (the difference between the cable 
length between the points of suspension when vessels are inside rolling towards each other) at 
inside rolling of the  vessels and spinning cable respectively (the difference between the cable 
length between the points of suspension, when both ships are rolling outwards and length 
cable between the points of suspension when ships are not rolling) at ships outside rolling. 
Heaving and giving of the cable when both vessels are rolling is ensured by automatic 
tensioning cable system. When ships are not rolling, the system is in equilibrium. Hydraulic 
cylinder piston force which acts on the cable carrier, in this case, is equal to the tension in the 
cable.  
 
2. THE HEIGHT OF THE CARRIER CABLE SUSPENSION POINTS 
CALCULATION RELATED TO THE WATER LEVEL 
 
By analyzing the different situations of the two ships heel, we determine the worst 
case and minimum heights of the two suspension points of the cable. For this we will need to 
make  the  system  so  that  subtracting  from  the  minimum  suspension  height  the  maximum 
arrow and the height of the cart-box container, to obtain a sufficient height reserve enough to 
exclude the pull of cargo by waves. Modern ships have high superstructure and large sail area, 
are very stable and practical were not recorded heel angles greater than 17 ° in terms of 7 °- 8 
° storms, and in the case of storms up to 5 ° or swell, roll did not exceed 10 °. We believe that 
cross-vertical oscillations of the two vessels produced on wave occur in phase and therefore 
does not affect the height of the carrier cable suspension points. To have a sizing of the plant 
cover  in  the  calculations  we  considered  transhipment  can  be  done  in  terms  of  vertical 
oscillations of ± 3m. 
The two ships moving after a direction parallel to the wave axis rolling movement will 
be less extensive than  when travelling by  any  other direction  when pitch movement  will 
prevail. But the angles of trim even in cases of major storms did not exceed 2 ° ... 3 °, so 
result almost insignificant values. In practical calculation of dimensioning the installation we 
chose  the  maximum  angle  of  heel  of  each  vessel  as  30  °  aiming  thereby  to  prevent  the 
negative effects of any accidental heel than normal and to oversize the values that enhance 
plant safety operation, eliminating the possibility of pull and tear of the cables. To determine 
the height of the carrier cable suspension points in different situations of vessels heel will first   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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need to calculate the height of these points while the ships are not heeling. In making these 
calculations have to take into account the fact that at the beginning of transhipped a vessel is 
at minimum draft and the other at the maximum draft. To calculate the height of the carrier 
cable suspension point, we use  the following: the freeboard (summer line) - F = 5.446 m, 
maximum draft - TM = 7.79 m minimum draft forward-TMPv = 3.80 m; minimum draft aft-
TMPp = 40m, derrick length Ib= 20m, deckhouse height which is derrick mounted-h1 = 3.20 m, 
the height of the deckhouse at the point of attachment of the derrick-h0 = 2.80 m, the angle of 
derrick swing, θ = 30 °. 
Minimum average draft (amidships) is determined as the arithmetic mean of the drafts fore 
and aft respectively: 
m
T T
T
p v mp mp
med 1 , 5
2
40 , 6 80 , 3
2
min 



        (1) 
height of carrier cable suspension point on a reefer carrier (if ship is not rolling) will 
be:
  m I h h F Z b M OP 456508 , 31 30 cos 20 8 , 2 2 , 3 1 , 5 79 , 7 446 , 5 cos
0
0 1                           
                                                                                                                                              (2) 
                                                                                                                                                                                                                                                                                                           
To calculate the height of the carrier cable suspension point the following are useful data 
(assuming use of system amidships derrick): building height to main deck - D1 = 9.70 m, the 
height of the deck on which it is derrick mounted - h1 = 2.40 m, the deck height at the point of 
derrick attachment - h0 = 1.60 m, maximum average draft -Tmmed = 5.60 m, derrick length Ib= 
12m, derrick swing angle θ = 75 °. With the above data the height of carrier cable suspension 
point for non-heeling ship will be: Z0T=11,205829m  
 
3. THE HEIGHT OF THE CARRIER CABLE SUSPENSION POINTS IN 
DIFFERENT CASES OF VESSELS HEELING  
 
To calculate the height of the carrier cable suspension points when both ships are rolling out 
at φ = 30 °, fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Scheme for calculating the movements of 
the cables suspension points of the ships heeling 
outside 
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The figure notations are: F - centre of straight floating surface; B-derrick top point 
when  the  ship  is  heeled;  B'-  derrick  top  point  position  when  the  ship  is  heeled;  A- 
perpendicular leg down from the derrick top on the waterline WL when the ship is non-
heeled; A'-foot perpendicular down from the derrick top on waterline when the ship is heeled 
WφLφ. 
Tracing supporting radiuses FB and FB ', we get two rectangular triangles (the right angles A 
and A') congruent. Applying the Pythagorean Theorem in triangle ABF, we get: 
 
2 2
AF AB BF         (3) 
 
The angle ʱ is congruent to the ABF angle of the ABF triangle (as determined by the 
secant internal alternate BF). In rectangular triangle ABF can express the cosine of the ABF 
angle. Taking into account the congruence stated above, we have the relation: 
BF
AB
  cos        (4) 
From relations (3) and (4) follows: 












2 2 arccos
AF AB
AB
        (5) 
 
B'C'F is also a rectangular triangle with right angle at C '. It is noted in this triangle that: 
            (6) 
 
and therefore: 
 
 COS B F C F            (7) 
 
But from | FB | = | FB '| and relations (3) and (6) resulted: 





















  

 

   
2 2
2 2
arccos cos
AF AB
AB
AF AB C F         (8) 
 
 Substituting in (8): 
 
:   ,
0
0
obtinem Y AF
z AB
z C F


 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
90 
 

















   
0 0
0 2
0
2 arccos cos
y z
z
y z z o
e         (9) 
Formula (9) presents the formula for calculating the height of the cable suspension point after 
the ship tilted outward with φ angle. For both ships we have adopted, as we have shown, 
φ=30°. So, y0=2m. 
For the ship out heeled, the height of the cable suspension point out heel will be: 
 
 
2 2
2
0
2
0
0 0 2 2
0 2 456508 , 31 arccos 30 cos  

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


   
p p
p
p p
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z
y z z o
e
p                    
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2
0 

















        (10) 
 
Point of cable suspension height of the ship heeled out to be: 
   
m
y z
z
y z z
t t
t
t t a
e
t
7045326 , 8
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







 



 
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

   
(11) 
 
The difference in level between the two suspension points of carrier cable of ship outside 
heeled will be: 
m z z
e
t
e
p ze 537602 , 17 7045326 , 8 242135 , 26              (12) 
We  further  study  how  varying the  heights  of  the  cable  suspension  points  where  the  two 
vessels heels inwards by 30 °. The calculation is analogous to that presented for ship heel-out, 
except that in B'C'F right triangle, we have: 
           (13) 
With (13), relation (9) becomes in that case: 
 

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2
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y z z
i         (14) 
Heights of the carrier cable suspension points in this case will be: 
   
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  (15) 
-for receiving vessel:  
                           
   
m
y z
z
y z z
t t
t
t t
a a
a
a a
t
i
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 (16) 
The difference in level  between the carrier cable points of suspension  when ship heeling 
outwards by 30 °, will be:   
                              m z z
i
t
i
p zi 537602 , 17 704533 , 10 242135 , 28             (17) 
If both ships heel 30 ° to starboard (the receiving ship heeled out, the other heeled inside, the 
difference in level between the cable suspension points will be: 
m z z
i
t
e
p ZTb 537602 , 15 704533 , 10 242135 , 26             (18) 
If both vessels heels 30 ° to port level difference between the cable points of suspension will 
be: 
m Z Z Z
e
t
i
p Bb 537602 , 19 7045326 , 8 242135 , 28             (19) 
The difference in level between the cable suspension points at baseline (non-heeled ships) will 
be: 
m Z Z Z T P 250679 . 20 205829 , 11 456508 , 31
0 0
0             (20) 
In (12.), (17), (18), (19) and (20.) relations it is observed that the maximum difference in level 
between the carrier cable suspension points are recorded when the vessels are not heeled, that 
remark  will  be  useful  in  determining  the power  of operating  plant.  It  also  notes  that  the 
difference  in  level  between  the  cable  points  of  suspension  is  the  same  for  extreme  heel 
positions of the two vessels, regardless of the direction of heel (inside or outside).   
e i Z Z           (21) 
We conclude that during a period of roll or while moving the ship on z axis from -30 °to +30°  
The worst situation for the difference in level between the cable suspension points when ships 
pass  through  normal  position  of  equilibrium  (φ  =  0),  and  the  worst  situation  for  cable 
suspension heights when ships heel out at 30 ° each. Comparing (10) and (11) relationships 
with (15) and (16) we notice that the minimum heights of the suspension are:   
m Z
m Z
e
t
e
p
7045326 , 8
242135 , 26


       (22) 
values that will be used in calculating the minimum reserve height from the water level to the 
bottom of the crate-container. 
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4. CONCLUSIONS 
 
Proposed transhipment method provides the advantage of relative independence from 
the sea / weather. Transhipment can be done, in this case, for degree of agitation of the sea up 
to and including 8. Classical method allows transhipment at sea up to grade 3 - 4, being 
limited by ships friction and their poor handling in rough sea, and that the loading – unloading 
system can not be used at ships heeling angles greater than 50° (and for higher trim angles θ = 
1,50 ... 20). Another advantage of the transhipment system presented in this paper is not 
necessary that the vessels are linked together and the cost of used ropes is avoided. 
The method permits transhipment in open seas directly. Hence, there are two other 
important  advantages:  firstly  no  longer  payment  for  any  rent  and  operating  costs,  and 
secondly, it saves fuel, avoiding - the ship movements in ports. The long-term gain is reduced 
almost in half transhipment time. This leads to increased profitability and productivity. 
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Abstract: The main sorting process are: separation based on density; on magnetic properties; on 
melting properties; on friction and piece shape; on interface properties, on chemical composition 
etc. This paper shows some contributions regarding magnetic separation. Magnetic separation 
based on permanent magnets are using to treat materials smaller than 50 mm, high intensity 
magnetic  separators  are  used  to  recover  magnetic  and  ferro-silicon,  for  removal  of  iron 
aluminium,  a  complex  material  consisting  of  aluminium  and  magnetic  parts  mechanically 
convected    like  iron  both..  The  magnetohydrostatic  separation  is  capable  of  separating  the 
fragments of nonferrous metals and its alloys with high degree of selectivity. 
 
Keywords: recycling of materiales, magnetic separation, magnetohydrostatic separation. 
 
 
1. INTRODUCTION 
 
For sorting of scrap containing non-ferrous  metals,  a number of mechanical  sorting 
processes, but also thermal enrichment processes, can be applied. The following Table 1 is 
giving an overview of the possible sorting processes that could be applied for this doctoral 
studies. 
Of  all  sorting  tasks  to  be  performed,  that  of  separating  non-metals  from  metals,  is 
generally considered fairly easy, as there is a number of processes available for this purpose. 
If, however, the scrap, such as car scrap, contains several non-metals, and that in a wide lump 
size and density range, separation of these becomes very difficult and requires more extensive 
equipment. The sorting processes shown in ―white dots‖ in Table 1 have so far been restricted 
to a small number of applications or have been or are at present being tried on a small scale 
but not on an industrial one. [5] 
As compared with the large number of applicable sorting processes available for the 
separation of non-metals from metal, there are only limited possibilities for the separation of 
light metals (aluminum, magnesium) from heavy metals and their alloys. To separate heavy 
metals and their alloys from each other, sorting, so far, had to be done by manual picking or 
by using thermal enrichment processes. With automatic sorting, however, which is at present 
being developed, now an approach is being made to mechanically separating at least heavy 
metals of the higher lump size classes from each other.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Evaluation  of the literature on industrial property rights  was  made in  the following 
country databases: Germany, Austria, France, Italy, Netherlands, Great Brittain and United 
States. In particular, those countries were included, where companies are seated that have 
gained  leading  positions  on  the  global  market  or  have  introduced  specific  developments. 
These include enterprises, such as Metso Lindemann GmbH, Düsseldorf/Germany, Newell 
Dunford  Engineering  Middelsex,  South  Ruislip/G.B.,  Wagner  Elektromagnetischer 
Apparatebau  AG,  Heimertingen/Germany,  Venti-Oelde  GmbH,  Oelde/Germany,  Steinert 
Elektromagnetbau GmbH, Köln/Germany and others. [5, 6] 
 
Tabble 1. Sorting processes  Suitable for separation of the following materials 
  non-metal 
metal 
light metal 
heavy metal 
heavy metal 
heavy metal 
Separation based on density   
- current sorting 
 aero current sorting 
 hydro current sorting 
- sorting by jigging 
 aero jigging machines 
 hydro jigging machines 
- swim-sink sorting 
 in dense media 
 in aero suspension 
 in molten baths 
- sorting on concentrating tables and channels 
 aero concentrating tables, aero channels 
 
   
   
 
   
   
 
   
 o 
 
 
   
 
 o 
 
 
 o 
   
 
   
 o 
   
 
   
 
 
 
 
 
 
 
 
 
 o 
 
 
Separation based on magnetic properties   
- magnetic separation   o   o   
Separation based on electric properties   
- electrical sorting 
- eddy current sorting 
- automatic picking 
   
   
 o 
 
 o 
 o  
 
 
 
Separation based on optical properties   
- manual picking 
- automatic picking 
   
 o 
   
 o 
   
 o 
Separation based on melting point   
- thermal enrichment           
Separation based on other properties   
- depending on friction and piece shape 
- depending on interface properties 
- depending of chemical composition 
   
 o 
 
 o 
 
   
 
 
   
 
As a result of the literature research and the field research on the practical sorting and 
separation techniques, which could be also employed for the sorting of the materials arising 
from the recycling of automobiles, it became clear that only the following sorting processes 
should be studied in more details as only they might provide solutions on an industrial scale:  
  dry separation techniques based on density, magnetics, eddy currents, electrostatics 
and optics; 
  wet separation techniques: sink-float separation and magnetohydrostatic separation.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2.  MAGNETIC SEPARATION 
 
Magnets are the oldest aid to separate metals after hand sorting. The removal of 
magnetic  material  using  permanent  magnets  has  been  known  for  centuries.  The  first 
permanent magnets were found in nature and they were used in particular in navigation 
compasses for many hundreds of years. Their specific use in identifying and separating 
metals was discovered much later. It was not until the discovery of the electric current or 
galvanism that electromagnetic fields could be generated. The work of M. Faraday (1791-
1867) and J. Maxwell (1831-1879) made it possible to calculate magnetic fields and to 
design magnetic separators. [1, 5]. 
 
 
 
 
 
 
 
 
If a magnet shaped like the one in Figure 1, is placed in the proximity of mild steel, 
it will generate a magnetic field as indicated by the lines. Particle P, which has magnetic 
property, will travel towards the magnetic pole. The force on particle P depends on the 
difference between the filed line on one side of the particle compared to filed lines on the 
other side of the particle, also  called the gradient  of the field.  If the filed lines  were 
parallel, the particle would turn like a compass needle, but it would not move towards one 
of the magnetic poles. The higher the gradient of the magnetic field, the greater the force 
on a magnetic particle. Therefore, high gradient magnetic fields are necessary to move 
weak magnetic particles. In general, magnetic separators can be divided into two groups: 
low intensity and high intensity equipment.  In either case, the magnetic fields can be 
obtained using permanent magnets or electromagnets.   
The advantage of permanent magnets is that they do not require energy to produce a 
magnetic field, as is the case with electromagnets. However, with electromagnets it is 
possible to generate stronger fields at a greater distance from the magnet’s surface. With 
modern rare earth magnets  based on Nd-Fe-B,  (Neodymium,  Iron and  Boron), strong 
fields can be obtained at low cost per volume of magnetic field. In 2001, 1kg of machined 
Nd-Fe-B  costs  $200-$300  (or  $1.400-$2.100  per  liter)  and  production  costs  are 
decreasing. The magnetic separators based on permanent magnets are slowly catching up 
with the electrodynamic separators. A permanent rare earth magnet of 1 meter width, 30 
centimeter length and 5 centimeters thickness represents about 15 liters or $30.000 worth 
of magnetic material.  At 10 kWh per dollar this means that a 40 kW electrodynamic 
Figure 1. Gradient of the magnetic field 
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magnet can be operated for the same amount of money for 8.000 hours or about 1 year to 
separate magnetic materials. Magnetic separators based on permanent magnets are suited 
to treat materials smaller than 50 mm. [1, 5]. High intensity magnetic separators are used 
to recover magnetite and ferro-silicon from heavy media separation plants prior to feeding 
scrap material to an eddy current separation plant so as to avoid wear of the machines. The 
high intensity magnetic separators is also used for the removal of irony aluminium, a 
complex material consisting of aluminium and magnetic parts mechanically connected, 
like iron bolts. In general, high intensity magnetic separators are necessary in eddy current 
plants to protect the equipment against mechanical damage. The high intensity separator is 
available in the form of head pully magnets and as cross-belt magnets. 
For  the  separation  of  weak  magnetic  materials,  such  as  18/8  stainless  steel,  the 
magnetic field has to be of both high gradient and high intensity to induce sufficient force 
in a particle. In Figure 2 a schematic view is given of a separator for weak magnetic 
materials. The Nd-Fe-B permanent magnets on the drum are of alternative polarity and are 
10-50 mm thick. The belt operates at a speed of 30 cm to 60 cm per second in order to 
reduce the tangential forces on the particles when the belt passes over the drum. The drum 
with the magnets operates at approximately the same circumferential speed as the belt to 
optimize stainless steel recovery. In practice, about 50 percent of the stainless steel present 
in the non-ferrous mix of car scrap can be recovered using this type of magnetic separator. 
 
Figure 2.  Magnetic separator with permanent magnets 
 
The  design  of  the  magnetic  separators  is  basically  the  same  as  that  of  an  eddy 
current separator described in the following chapter. The design of this type of magnetic 
separator is, however, simpler because the very thick and therefore heavy magnets rotate 
at  only  about  60  rpm,  instead  of  the  1.500  to  4.000  rpm  typical  for  eddy  current 
separators. This entails that the forces exerted on the magnets lying on the drum in a 
magnetic separator are about 1,6 times the force of gravity, whereas for an eddy current 
separator the forces on the magnets can be as high as 1.500 times the force of gravity.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Although the basic design is similar, it is impossible to design a separator which performs 
optimally  both  as  a  magnetic  separator  for  weak  magnetic  materials  and  as  an  eddy 
current separator for non-ferrous metals. [1, 6] 
 
3.  MAGNETOHYDROSTATIC SEPARATION 
 
There exist a physical principal and a developed technique, capable of separating the 
fragments  of  non-ferrous  metals  and  its  alloys  with  high  degree  of  selectivity.  This 
technique, called magnetohydrostatic separation (MHS), was invented in Moscow in the 
early 1960ies. The technique is based on a combination of the density dependent forces 
(gravitational  and centrifugal) with  magnetic forces,  acting on the metallic fragments, 
immersed  in  liquid  magnetic  media,  magnetized  in  non-uniform  magnetic  fields  of 
specially designed configurations.  
In this technique different mixtures of fragments of non-ferrous metals, immersed in 
susceptible magnetic liquid or magnetic fluid - a suspension of fine strongly magnetic 
particle in a carrier liquid - are moved in a position of equilibrium where magnetic forces 
equalized  forces  of  buoyancy.  Those  equilibrium  positions,  which  depend  on  the 
conceptual design of an MHS separator, have shapes of horizontal layers or surfaces of 
cylinders and are specific for each metal and alloy because of the uniqueness of the ratio 
between magnetic susceptibility and the density of each alloy.  
The  examples  of  value  of  this  ratio  R,  determining  the  selectivity  of  the  MHS 
separation is shown in Table 2.  [1, 2, 5]. 
The use of liquid magnetic media permits control of the value and the sign of the 
parameter R for the constituents of a metals mixture to be separated. With the introduction 
of a medium in the magnetic field the parameter R = / is modified into parameter R1 = 
(met-  liq)  /  (met-  liq).  Several  types  of  liquid  magnetics  could  be  used  as  efficient 
separation  media.  They  are  aqueous  solutions  of  salts  of  metals  with  high  (>5  Bohr 
magnetons) magnetic moments and the suspension of fine (5-10 nanometers) particles of 
ferrites,  mainly magnetite and maghemite, in a diamagnetic organic  carrier  (kerosene, 
water). The last type of media is known as ferro-fluid.  
 
 Table 2. Density () and magnetic susceptibility () of metals 
metal    
[g 
. cm
-3] 
  
[10
6 emu / Oe cm
3] 
R  
[10
6 /] 
 
Aluminium 
Antimony 
Beryllium 
Bismuth 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Dysprosium 
Gadolinium 
 
Al 
Sb 
Be 
Bi 
B 
Cd 
Cr 
Co 
Cu 
Dy 
Gd 
 
2,70 
6,69 
1,84 
9,80 
2,34 
8,65 
7,19 
8,90 
8,89 
8,55 
7,90 
 
1,65 
-0,13 
-1,83 
-0,49 
-0,13 
-1,52 
24,88 
ferromagnetic 
-0,76 
5.447,00 
38,01 
 
0,611 
-0,019 
-0,994 
-0,050 
-0,055 
-0,175 
3,46 
- 
-0,085 
637,07 
4,81   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Gold 
Indium 
Iridium 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Niobium 
Osmium 
Palladium 
Platinum 
Silver 
Tin 
Titanium 
Tungsten 
Uranium 
Zinc 
Zirconium 
Au 
I 
Ir 
Fe 
Pb 
Mg 
Mn 
Mo 
Ni 
Nb 
Os 
Pd 
Pt 
Ag 
Sn 
Ti 
W 
U 
Zn 
Zr 
19,32 
7,31 
22,42 
7,86 
11,34 
1,74 
7,44 
10,30 
8,88 
8,57 
22,58 
12,02 
21,45 
10,5 
7,29 
4,51 
19,30 
18,95 
7,10 
6,50 
-2,74 
-4,07 
2,97 
ferromagnetic 
-1,26 
0,93 
67,76 
9,53 
ferromagnetic 
17,98 
1,17 
64,10 
22,08 
-2,31 
-1,94 
14,4 
6,19 
31,45 
-1,23 
8,69 
-0,142 
-0,556 
0,132 
- 
-0,111 
0,534 
9,107 
0,925 
- 
2,098 
0,052 
5,332 
1,029 
-0,220 
-0,266 
3,193 
0,321 
1,656 
-0,173 
1,336 
 
The first type of magnetic liquid has susceptibility at room temperature up to 
230.10
-6 emu Oe
-1cm
-3 (Figure 3). The second type of media is the stable ferromagnetic 
suspension  with  field  dependent  susceptibility  and  high  (0,1-10  emu  cm
-3)  saturation 
magnetization. All three existing systems of magnets: permanent, resistive electromagnet 
and  superconductive  magnets  are  used  for  the  construction  of  experimental  MHS 
Separators.  In  the  research  on  the  separation  of  metals  in  ferrofluids  resistive 
electromagnets  and  permanent  magnets  were  used,  and  in  the  separation  tests  in  the 
paramagnetic liquids the magnetic field was generated by resistive electromagnets and 
superconducting magnets. Ferro-fluids are prepared by the co-precipitation of the divalent 
and the threevalent iron and are a relatively expensive product while the aqueous solution 
of iron or manganese salts are available at a much lower price per liter. [1, 5]   
As experiments have shown, the best technological and economic results of MHS 
were  achieved  at  separation  tests  in  low  concentrated  aqueous  solution  of  manganese 
sulfate in a magnetic separator with resistive or superconducting magnets. Treatment of 
fragments  above  5  mm  could  be  successfully  performed  in  separators,  combining  the 
magnetic field with the field of gravity. For the treatments of smaller fragments better 
results were achieved in separators, based on the combination of magnetic and centrifugal 
forces.  
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Figure 3. Magnetic liquids – magnetic susceptibility versus density. 
 
In  the  course  of  research  and  development  works  on  MHS  many  different 
constructions of gravitational and centrifugal machines were designed and some of them were 
successfully tested. The concept of the gravitational MHS Separator was based on the flow of 
magnetic media, carrying the mixtures to be separated through a channel, placed in the gap of 
a bipolar magnet. In some designs the solids were handled by means of hydrotransport in the 
flow of magnetic media, while in order materials were moved by means of vibrators and 
different types of conveyors. In centrifugal MHS separators the rotation of particulate solids 
was counterbalanced by pressure, developed in magnetic liquid by the non-uniform magnetic 
field of resistive or superconducting multipolar magnets (quadrupoles, sextupoles, octupoles) 
or by specially designed resistive bipolar, three-polar and four-polar magnets with appropriate 
shapes of pole tips [3, 4]. 
For  different  types  and  sizes  of  non-ferrous  scrap  several  conceptual  designs  of 
gravitational  and  centrifugal  separators  are  available.  For  instance,  in  the  precise 
discrimination of two metals or two groups of metals the best separation could be achieved at 
the condition  when both components  of the mixture to  be separated  move in  opposition. 
Using the paramagnetic liquids in the MHS Separator with three polar system and with profile 
of pole tips, ensuring constancy of VH
2 these conditions can be created in the gravitational 
MHS Separator. In the centrifugal MHS Separator for fine particles the same results can be 
achieved  in  the  field  of  quadrupolar  magnet.  Multiple  separation  demands  variable  and 
unidirectional pressure on metallic components of a mixture, allowing particles of each metal 
to take their position of equilibrium without mixing with neighboring products .    
An  example  of  the  magneto-gravitational  discrimination  of  the  heavy  non-ferrous 
metals in the field of bipolar magnet with suitable profiles of the pole tips is the separation of 
copper ( = 8,89 g 
. cm
-3,  = - 0,76 
. 10
-6emu 
. Oe
-1cm
-3), floating at the top, from lead ( = 
11,34g 
. cm-3,    = 1,26 emu 
.  Oe
-1cm
-3) floating  at  the bottom.  An  example of multiple 
separation in magneto-gravitational mode is the separation of three different copper alloys. 
Here  the  specially  designed  profile  of  pole  tips  is  generating  a  small  difference  in  the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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magnetic pressure along the vertical axis. Shavings with 94,3% Cu are floating at the top, 
with 96,7% Cu floating in the middle and with 99,2% Cu floating in the bottom layer. In 
magneto-centrifugal version of MHSS fine material with dimensions of 10-102 micrometers 
can be separated with high accuracy. The experience, accumulated in the course of research 
and development during the last three decades, is sufficient for commercialization on this 
efficient technology, equally applicable for separation of metals and metalloferrous ores. A 
new technology of MHSS could be the right technology not only for the recycling of groups 
of metals or single metals, but also for the fine separation of alloys of a same metal. It could 
create the basis for advanced metallurgy, where in place of the usual smelting of the mixtures 
of  components,  necessary  for  producing  alloys  and  inevitable  slags  and  gases,  the  only 
necessary  operation  will  be  the  environmentally  clean  melting  of  precisely  separated 
fragments of an alloy into standard ingots. [1, 2, 5] 
 
4. EDDY CURRENT SEPARATION 
 
High frequency eddy current separators facilitate a ―dry‖ sorting of non-ferrous metals 
from shredded car bodies. For this purpose a special magnetic rotor is fitted into the end-drum 
of a belt conveyor. The rotor produces a magnetic field of changing direction which induces 
opposing magnetic fields in electrically conductive metals. Like when trying to force together 
the north poles of two magnets, the result is a magnetic repulsion between the rotor drum and 
the fragments of non-ferrous metals on the conveyor belt.  
The strength of repulsion is different with each type of non ferrous metal. This effect 
allows an efficient separation of the various non-ferrous metals and non-metals. The strength 
of magnetic repulsion determines the curve each fragment describes when falling off the end 
of the belt. In different curves they drop into their respective containers. In contrast to the 
magnetic separation of ferrous scrap metals, based on magnetic attraction of magnetically 
susceptible  fragments  in  an  indirect  but  non-uniform  magnetic  field,  the  eddy  current 
technique is based on the Lorentz force, induced in the electrically conductive fragments of 
non-ferrous metals by uniform or non-uniform but alternating magnetic field.  
 
 
Figure 4. An eddy current separator with concentric rotating magnets 
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The magnetic characteristics of metals are not significant in the eddy current technique.  
In  the  conductive  fragments,  submitted  to  the  alternating  magnetic  field  the  circulating 
Foucaut currents generate their own alternating magnetic field, directed in opposition to the  
external magnetic field of a separator. The resulting magnetic repulsion (Figure 4) pro-duces 
the  spatial displacement, necessary for the separation of the mobile, usually light, metallic 
fragments, which are removed from the mixture. 
The first industrial eddy current separators, introduced in 1970, were based on electro-
dynamic  magnetic  fields,  induced  either  by  single  coils  or  linear  motor  technology.  The 
developments of rare earth magnets from 1978 onwards proved so successful that the eddy 
current separators now offered by the various manufacturers are all based on permanent rare 
earth magnets. For the separation of particles  with equal shape and mass, which is not a 
practical case, the effect of discrimination of metals depends on the ratio ―/‖. Although the 
magnitude of the force of magnetic repulsion by eddy currents principally is not limited, the 
existing level of energy, practically available for the contemporary eddy current separators 
allows the efficient removal of the mixture of aluminium and magnesium from the heavy non-
ferrous  metals  and non-metallic scarp, leaving the separation of other  metals  with  higher 
density for either the outdated, non efficient and expensive handpicking or the expensive sink-
float separation in heavy media plants. 
 
5. CONCLUSIONS 
 
1
0  The  main  sorting  processes  are:  separation  based  on  density;  on  magnetic 
properties;  on  electric  properties;  on  melting  properties  and  separation  based  on  other 
properties (on friction and piece shape, on interface properties, on chemical composition etc); 
2
0 The majority of the techniques for the separation and sorting of mixed material 
fraction from automobile scrap were adapted from the technology of mineral separation; 
3
0  Magnetic  separation  based  on  permanent  magnets  are  using  to  treat  materials 
smaller than 50 mm, high intensity magnetic separators are used to recover magnetic and 
ferro-silicon, for the removal of iron aluminum, a complex material consisting of aluminum 
an magnetic parts mechanically connected, like iron bolts; 
4
0 The magneto hydrostatic separation is capable of separating the fragments of non-
ferrous metals and its alloys with high degree of selectivity. 
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Abstract. In the treatment with ultrasounds, two categories of devices are used, which work on the 
principle of the magnetostriction phenomenon or the principle of pieso-electrictricity. The most 
important part of an endodontic ultrasound  device is the ultra-acoustic system which must be 
calculated, projected and made in such way so th exercise a certain type of ultrasound (asked by 
that application) which together with the endodontic instrument acoustically activated to work 
together in resonance regime. In order to find the hidden canals calcified and for an easier 
making of the acces to the root canals is suggested an endodontic instrument with an active 
specific part and with a central canal which allows the penetration of a cooling fluid  in the work 
area and in order to create the phenomenon of ultrasound cavity. 
 
Keywords: ultrasounds,  magnetostriction,  canals calcified, ultrasonic endodontic device, root 
canal treatments 
 
 
1. INTRODUCTION  
 
Considering  the properties and effects of the ultrasound wawes propagation through the 
dental system tissues, along over 60 years, more different possible applications have been 
tried, taking into consideration the modifications which might appear into the tissues or the 
endodontic  instruments  evolution  and  the  knowledges  on  endodoncy  in  continuous 
development. 
The use of ultrasounds or the instruments with ultrasounds were introduced for the first 
time (1953) in stomatology in preparing the cavity using an abrassive paste by Balamuth I. 
but it had not efficiency as compared to a great speed piece hand piece  [1, 2]. 
In 1955, a researcher, Zinner, uses for the first time ultraswounds in order to eliminate 
the strong deposits on the tooth surface, a method improved later by  Johanson and Wilson 
and thus plaque tartar ultrasound  device becomes a base intrument in eliminating the plaque 
and tartar.  
The concept of using ultrasounds in endodoncy was introduced for the first time by 
Richman in 1957, but the root canals preparation before obturation is made only when Martin 
and his collaborators use an instruemnt which can cut through dentine [3].  
The so-called hand pieces activated with ultrasounds of lower frequency (1..8 kHz) 
were developed later, which produce lower friction tensions and allow a preparation of the 
root cannal with a lesser modification  at the tooth surface [4].   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Due to the explossive development of certain sciences sucha s physics, chemistry and 
mathematics, of some industrial branches as electronics, automatics and computer science, 
materials science and technology, at the same time with the development of knowledges in 
endodoncy, decades of fantastic leaps in the research field on the application of ultrasounds in 
endodoncy follow in almost all important domains of it [5, 6].   
Although  the  diagnostication  and  ultrasound  therapy,  as  well  as  cleaning  the 
instruments  before  sterilization  with  ultrasounds  become  usual  operations,  the  concept  of 
minimum invasive stomatology and the wish to prepare the cavity of the root cannal as closest 
to the theoretical prescriptions as possible lead to many studies and research concerning the 
use of ultrasounds  also in a series of operations leading to an endodontic  treatment of great 
efficiency and performance. The most frequent ultrasound applications in endodoncy, which  
have been under thorough research, having coresponding accomplishments are the following: 
the rapid finding and creating the access to the calcified cannals and the pulpolites; removing 
the  intercannals  obstacles  (broken  instruments,hard  pastes,  silver  cones,  broken  metallic 
remains, etc., and the repreparation of the root cannal; activating the irrigations ollutions and 
increasing the efficiency of their action; ultrasound condensation of the gutta-percha in the 
root canal; placing and activating different medicine substances (pastes, tri-oxides mineral 
aggregates,  etc.)  inside  the  root  canal;  endodontic  surgery  (preparing  the  root  cavity  and 
placing the root canal material at the root peak); preparing the root canals [7, 8]. 
 
2. ACTUAL RESEARCH STATE  
 
One of the important challenges of the endodoncy is locating the canals, especially in 
the  cases  when  the  hole  is  covered  by  secondary  dentine  as  well  as  placing  restauration 
material or pulpotomes. 
A lack of rectiline access is undoubtedly the main cause for the root perforation, or the 
incapacity to verify the radiographic indications, that is why, the microscopic visualising and 
the ultrasound activated instruments are a sure and effective combination  in order to obtain 
optimum results in preparing the access, not only to find the canals but also to reduce the time 
and increase the possibilities of treatment.  
There are many variants of rotative milling device for access available, but they are 
difficult to use without risks especially at the teeth difficult to treat as the molars (Figure 1, 
a).For  instance,  locating  canals  V2  for  the  superior  molars  (Figure  1,  b)  is  much  more 
effective and safer if an instrument like that presented in Figure 2, a,b,c is used and it is 
ultrasound activated.  
As  a  aconsequence  of  the  ultrasound  activity,  the  peak  of  the  intruemnt  performs 
vibrating movements of to-and-fro with ultrasound frequency (45…60 kHz) and micrones 
order amplitudes (2…15µm) and allows cleaning the access to the canal, locating calcified 
canals in any tooth and removing dental calcified pulpwith great efficiency. 
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Figure 1. Finding the access at the oriffice of the root canal mesiovestibulary MV2 into a superior 
molar: a – performing the access by classic methods; b – performing the access with endodontic 
intruments ultrasounds activated  
 
 
 
Figure 2. Types of endodontic instruments ultrasound activated:  
a – for removing the calcified pulp and the infected dentine; b – similary to the previous, but with 
sharper peak and with water canal ; c – for finding canals, restauration material, temporary cements or 
broken instruments remains; d – ball point peak covered with diamant used to prepare the root canal ; 
e – a clasic spreader covered by diamant particles used for the preparation of the root canal  
 
The visual  access and the superior control which the ulterasound activated instruments 
offer, presented in Figure 2, during the access procedures, makes them very useful especially 
treating the most difficult accessed molars in  locating the canals  MV2 and removing the 
secondary dentine from the mesial wall Figure 3 of the superior molars.  
These diamond covered instruments are more efficient than those made of stainless steel 
but  they  have  the  tendency  to  break  easier,  that  is  why  it  is  necessary  to  continue  the 
researches in order to find the most effective solution 
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3. EXPERIMENTAL OBTAINED RESULTS  
 
When we are looking for hidden and calcified canals  we must consider that in  the 
majority of cases the secondary dentine is whitish or opaque while the pulp rooms is darker 
and grey. Experiemntaly it was noted that the ultrasounds have an increased efficiency when 
the calcifications covering the holes/oriffices of these canals are broken. In order to remove 
the disadvantages which the different varaints of  rotative milling devices used in present 
have, we used in our experiments, an endodontic instrument in the form presented in Figure 3. 
 
 
Figure 3. Endodontic instrument 
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The  instrument  is  endowed  with  a  central  canal  allowing  the  introduction  of  fluids 
(oxygenated water, different sollutions) at the intervention place in order to create the cavity 
phenomena which essentially contributes to the removing of hard strata. The active part ends 
with a peak of a certain  ray of recording which allows working in deeper areas of the canal to 
remove the secondary dentine and the existing calcifications.  
This instrument is made of staineless steel thermically reated in order to have a good 
resistance at demands but also a slight flexibility in order to avoid breaking in the processed 
area. It has the advantage that it makes a less aggressive cut in the area and it has a greater 
resistance that the instruments used in present which have the diamond  peak and present an 
aggressive cut having the tendency towards breaking.  
The experiments showed that the ultrasound method presents the following advantages 
as compared to the classic methods: increased efficiency as the necessary time is reduced to 
half;  the thermic tenssions introduced are lower;  the quality of the procersses  surfaces  is 
better; there are no solicitations by fire and neither the possibility of breaking the instrument 
and the phonic pollution is absent.  
 
4. CONCLUSIONS 
 
Following  the  theoretic  and  experimental  researches,  we  can  take  the  following 
conclusions: 
1
o The ultrasound applications in endodoncy and the spectacular leap of their use were 
possible  with  the  evolution  of  the  theoretical  research  in  the  endodontic  studies  and  the  
present innovations in technology and the endodontic intruments; 
2
o  Generally,  an  ultrasound  equipment  used  for  different  applciations  in  the  dental 
medicine and respectively in  endodoncy is  made of an electronic  generator with  variable 
frequency and authomatic tuning of the resonance frequency, an ultra-acoustic system which 
transforms the electric oscilations in mechanic oscilations with ultrasonic frequency, the set of 
endodontic instruments which lead, concentrates and focus the ultrasonic energy in the tissue 
which are to be treated and the auxiliary elements which allow the introduction of irrigating 
substances, of cleaning, washing or medicating by aspiration of substances which must be 
removed from the action place of the endodontic instruemnt which is ultrasound activated; 
3
o In the treatment with ultrasounds, two categories of devices are used, which work on 
the principle of the magnetostriction phenomenon or the principle of pieso-electrictricity ; 
4
o The most important part of an endodontic ultrasound  device is the ultra-acoustic 
system which must be calculated, projected and made in such way so th exercise a certain 
type of ultrasound (asked by that application) which together with the endodontic instrument 
acoustically activated to work together in resonance regime; 
5
o in order to find the hidden canals calcified and for an easier making of the acces to 
the root canals is suggested an endodontic instrument with an active specific part and with a 
central canal which allows the penetration of a cooling fluid  in the work area and in order to 
create the phenomenon of ultrasound cavity; 
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Abstract. The present paper is concerned with the main modeling elements as produced by means of the 
finite element method of rotary ultrasonic motors. Hence, first the model is designed and then a modal 
and harmonic analysis are carried out in view of outlining the main outcomes.  
 
Key words: rotary ultrasonic motor; piezoceramic disk; turret disk 
 
1.  INTRODUCTION 
 
The mathematical modeling based on the finite element method ensures the static and 
dynamic behaviour of the active piezoceramic elements.  
In this sense,  ANSYS is applied, since it provides a wide range of possibilities to carry 
out a finite element based analysis, from the simplest, such as linear and static to the most 
complex, such as non-linear, dynamic and transient ones. 
Ansys also facilitates the modeling of piezoelements through discretization.  
The analysis of piezoelectric materials deals with the correlation between the model’s 
structure and the intensity of the electric field. Hence, it represents a combination of both 
electric and structural analyses.   
The  piezolectric  analysis  is  based  on  the  following  elements:  Solid5,  Plane13  and 
Solid98. The matrix equation reads: 
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where: 
{F}={F
nd}+{F
th}+{F
ac}+{F
pr} 
{L}={L
nd}  (8.2) 
 
and the elements of the equation   (8.1) are: Kii is the resistivity; M – is the mass; [c] is the 
structural damping; K
z – piezoelectric matrix; K
d – dielectric coefficients; {Fi} - force; {V} - 
voltage; {u} - displacement;   u - speed; {L} - load. 
A  piezoelectric  simulation  requires  data  on  the  values  of  permeability,  piezoelectric 
matrix and elasticity written as: 
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(8.3) 
 
There  are  several  types  of  analyses  to  be  performed:  static;  modal;  harmonic  and 
transient. 
The active elements of the rotary ultrasonic motor, part of the statoric assembly, are: the 
sector piezoceramic disk and the turret disk. The active elements of the linear ultrasonic motor 
are part of the active assembly and they are the sector piezoceramic lamella and the turret 
drive actuator.   
Geometric  models    have  been  built  and  modal  and  harmonic  analyses  have  been 
performed. 
 
 
2.  FINITE ELEMENT MODELING FOR THE PIEZOELEMENT OF THE ROTARY 
ULTRASONIC MOTOR  
 
The active element of the statoric assembly is a sector piezoceramic disk as shown in 
Figure 7.5, in the previous chapter.  
     
a  b  c 
 
Fig.1. CAD design of the MUR – 10C rotary ultrasonic motor: 
a – bird’s eye view; b – longitudinal section; c – detail view. 
 
The behavior simulation during the running of the piezoceramic disk is based on the 
Ansys finite element modeling method.  
Thus, a modal analysis is performed to determine the frequencies of the vibration modes 
of the piezoceramic disk. A harmonic analysis  is also performed to determine the nodal 
displacements of the model. 
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Both  modal  and  harmonic  analyses  included  the 
following stages: 
- construction of the model. The first phase 
in the construction of the model based on the finite 
element  analysis of the sector piezoceramic disk 
(the active element of the rotary ultrasonic motor) 
is  the design of its  geometry. Hence, an outside 
radius type of volume disk Rext = 30 mm; an inside 
radius Rint = 10 mm and 2 mm thick are generated 
in the Cartesian coordinate system as shown in 
Figure 2. 
The volume obtained is discredited in finite 
elements through  Solid98,  according to  ANSYS, 
bearing piezo material properties and polarization 
direction. 
Figure 2. Volume and areas of the piezoelement 
disk. 
Discretization by finite elements of the structure (Figure 3) is performed by means of the 
Solid98 tetrahedral element. 
 
 
 
 
 
 
Solid98 
a 
 
b 
Figure 3. Discretization for the finite elements of the piezoceramic disk.  
a –Solid98 finite element; b – disk discretization by finite elements. 
 
-  modal  analysis.  The  modal  analysis  is  used  in  order  to  determine  the  vibration 
characteristics of the structure and it represents the starting point for the harmonic analysis. 
The modal analysis is, in fact, a linear type of analysis. Figure 4 illustrates the vibration 
modes  correspondig  to  the  17.05KHz  and  24.22  KHz  frequencies  for  which  a  ―traveling 
wave‖ type of deformation occurs inside the piezoceramic disk.  
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a  b 
Figure 4. Vibration modes frequencies at: 
a –  17.05 KHz;     b –  24. 22 KHz 
 
- harmonic analysis. Harmonic analysis is a technique used to determine the reaction of 
the structure when the load varies sinusoidally (harmonically) in time. The harmonic analysis 
is linear. In view of a complete definition of a load, three elements are required: amplitude, 
the frequency phase and domain.  
 
 
 
The  purpose  is  to  calculate  the 
reaction  of  the  structure  to  various 
frequencies  and  obtain  a  displacement 
graph.  
The harmonic analysis was used for 
a  frequency  of  24.22  KHz.  At  this 
frequency,  the  vibration  of  the  sector 
piezoceramic  disk  produces  a  traveling 
wave  of  an  amplitude  high  enough  to 
drive the activated element.   
Once  the  harmonic  analysis 
completed, the lines corresponding to the 
edges  of  the  two  sectors  are  selected  as 
shown in Figure 5.  
- results. The nodes corrsponding to 
these  lines  are  selected  and  the 
displacement values on Z axis are listed as 
illustrated in Table 1.  
Figure 5. Selection of lines corresponding to the edges of the 
two sectors.  
 
 
These values will help draft the graphs illustrating the nodal displacements for two 
drive tensions of the disk type of piezoelement areas, as shown in Figure 6. The traveling  
wave is, thus, marked. 
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Table 1. Displacement values in nodes  
Node 
No. 
Amplitude [μm] 
50 V tension 
Amplitude [μm] 
50 V tension 
No. 
node 
Amplitude[μm] 
50 V tension 
Amplitude[μm] 
50 V tension 
1  0.17  0.08  23  -0.24  -0.13 
2  0.15  0.07  24  -0.23  -0.12 
3  0.13  0.07  25  -0.22  -0.11 
4  0.11  0.05  26  -0.20  -0.10 
5  0.08  0.04  27  -0.17  -0.09 
6  0.05  0.02  28  -0.15  -0.07 
7  0.02  0.01  29  -0.12  -0.06 
8  -0.01  -0.01  30  -0.09  -0.05 
9  -0.05  -0.02  31  -0.06  -0.03 
10  -0.08  -0.04  32  -0.03  -0.02 
11  -0.11  -0.05  33  -0.01  -0.00 
12  -0.14  -0.07  34  0.02  0.01 
13  -0.18  -0.09  35  0.05  0.03 
14  -0.20  -0.10  36  0.07  0.04 
15  -0.22  -0.11  37  0.09  0.05 
16  -0.24  -0.12  38  0.11  0.06 
17  -0.25  -0.12  39  0.13  0.07 
18  -0.26  -0.12  40  0.15  0.07 
19  -0.26  -0.13  41  0.17  0.08 
20  -0.26  -0.13  42  0.18  0.09 
21  -0.26  -0.13  43  0.20  0.10 
22  -0.25  -0.13  44  0.20  0.10 
 
Node number
D
i
s
p
l
a
c
e
m
e
n
t
 
z
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µ
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Figure 6. Variation of nodal displacements for two drive tension values of the piezoelement disk electrodes. 
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3. FINITE ELEMENT MODELING FOR THE TURRET DISK  
 
The  turret disk is the second element of the statoric assembly of the rotary ultrasonic 
motor. This is deformed by the sector piezoceramic disk. The modal analysis of the sector 
piezoceramic disk has revealed a ―traveling‖ type of vibration for a  24.22 KHz frequency. 
The finite element analysis, in the case of the turret disk, aims at checking the frequency 
value for a similar type of vibration.  
Once  the  volume  geometry  devised  (Figure  7,  a),  discretization  is  performed  through 
Solid 45. The modal analysis reveals that, at a  frequency of 24.32 KHz , the turret disk 
for the vibration mode 17 is deformed  (Figure 7, b) and, hence, the teeth of the turret disk 
mounted on the traveling wave have a forward and backward reciprocal movement and, 
therefore, they can run, by friction, the drive actuator  which is a disk situated on the 
motor axis.  
 
   
a  b 
Figure 7. Turret disk of the statoric assembly of the rotary ultrasonic motor:  
a – volumen of the turret disk; b – deformation of the turret disk. 
   
Figure 8 illustrates the displacements on the Z axis (F igure  8,  a) as well as the sum of 
displacements  (Figure 8, b) for the vibration  mode 17, of the turret disk, as it results from the 
modal analysis.  
 
 
   
a  b 
Figure 8. Vibration mode 17 at a frequency of 24.32KHz: 
a – displacement on OZ axis; b – displacement sum. 
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4. CONCLUSIONS 
 
1 The finite element method ensures the study of both static and dynamic behavior of 
the active and activated elements in the case of rotary ultrasonic motors; 
2 The modal analysis brings about the frequencies at which both the piezoelements and 
the other active elements of the rotary motors display a ―traveling wave‖ type of vibration 
mode; 
3 The harmonic analysis deals with modal displacements in various directions, the most 
representative is the running direction; 
4 The input data for the harmonic analysis are garnered through measurements and the 
results are compared to the corresponding dimensions of the theoretical results; 
5 In the case of the rotary ultrasonic motor, the two elements of the statoric system (the 
sector piezoceramic disk and the turret disk) are modeled according to the finite element 
method. 
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Abstract. The present paper is concerned with the main modeling elements as produced by means of the 
finite element method of linear ultrasonic motors. Hence, first the model is designed and then a modal 
and harmonic analysis are carried out in view of outlining the main outcomes.  
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1.  INTRODUCTION 
There  are  several  types  of  analyses  to  be  performed:  static;  modal;  harmonic  and 
transient. 
The active elements of the linear ultrasonic motor are part of the active assembly and 
they are the piezoceramic sector disk as well as the turret drive actuator. 
Geometrical  models  have  been  designed  to  this  purpose  and  modal  and  harmonic 
analyses have been performed. 
First, in order to launch the modeling process, the Preprocessor must be actuated, the 
geometry designed and the finite elements generated. Second, the properties of each finite 
element are defined. Each of the elements and their corresponding properties help depict the 
type of material, the type of finite element and the real parameters.  
By  actuating  the  Solution  processor,  the  model  is  charged,  the  type  of  analysis  is 
selected and the analysis is initialized.  
Once the solution obtained, the deformation in the General Postprocessor is displayed 
and the nodal values are listed.  
The model directives and its corresponding analysis are as follows: 
- construction of the model consists of: 
- name of the file (/FILNAME); 
- name of the analysis (/TITLE); 
- unit system  (/UNITS); 
- running the preprocessor (/PREP7); 
    - type of element and control directives (ET and  etc.); 
- parameters to be used for the characteristics of the elements (R and  etc.); 
- material properties (MP); 
- the design of the geometric prototype includes:  
      - prototype geometry; 
- parameters used to generate the finite elements; 
      - finite elements  (xMESH). 
- leaving out the preprocessor (FINISH). 
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- charging and solution generation will involve: 
- running the program to obtain the solution (/SOLU); 
- type of analysis and control directives (ANTIPE etc.); 
- the charging process is concerned with: 
- DOF parameters for the finite element nodes (D, DK); 
      - force parameters (F, FK); 
      - surface parameters (S, SFL); 
      - internal parameters (ACEL, OMEGA etc.). 
- solution generation (SOLVE); 
- ending the solution processing. 
- results analysis will entail the following: 
- running the postprocessor program (/POST1); 
- construction of results database (REZUME); 
- appropriate results generation (PDISP, PLNSOL etc.); 
- list of results (PRNSOL, PRESOL etc.); 
- ending the postprocessor program. 
- exit from ANSYS (/EXIT). 
 
1.1 Modal Analysis 
The  modal  analysis  addresses  the  vibration  characteristics  of  the  structures  (natural 
frequencies and modal shapes). Likewise, it may act as a springboard for further dynamic 
analyses such as: transient dynamic analyses, harmonic or spectral analyses. A modal analysis 
of  a  pre-grip  structure  is  also  possible.  With  regard  to  the  ANSYS  products,  the  modal 
analysis represents, in fact, a linear analysis (any discontinuities such as the contact element 
plasticity  are  overlooked  even  if  previously  defined).  Hence,  there  are  several  extraction 
methods: Subspaces (Subspaţii), Block Lanczos, PowerDinamics, Reduced (Redusă) etc.  
The stages of the modal analysis are as follows:  
- model elaboration; 
- charging and solution generation; 
- bloating; 
- results generation. 
The linear behavior is typical of the modal analysis. The material properties are linear, 
isotropic or orthotropic, constant or temperature dependent.  
For a classic modal analysis, the equation reads:  
 
      i i i i M K     
2   (1) 
 
where:  K is the stiffness matrix;   i  - modal vector of module I;  i  - modal frequency;   M - 
mass matrix. 
In stricto sensu, the term ―expansion‖ refers to the bloating of the solutions reduced to 
the  whole  DOF  set  (degrees  of  freedom).  In  the  case  of  the  modal  analysis,  the  term 
―expansion‖ signifies the transferring of the modal shapes into a results file. 
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rather they entail a relative distribution for each vibration mode.  
The  results  of  the  modal  analysis  are  recorded  in  a  structural  results  file:  natural 
frequencies, shapes of the expanded modes, relative efforts and forces  (if need be). Each 
mode is then stored in the results file separately. 
 
 
1.2. Harmonic Analysis 
 
Within a structural system, a cyclical load will produce a cyclical response (a harmonic 
response). Harmonic analysis brings about a dynamic behaviour of the structures and it helps 
check whether the modal reaches resonance and fatigue and other harmonic effects of the 
vibration forces.  
Harmonic analysis is a technique used to determine the linear stationary reaction of the 
structure when the load varies sinusoidally (harmonically). A key observation is to calculate 
the structure reaction for several frequencies and represent it graphically according to some 
dimensions (displacements). By means of this  analysis, vibration stationary forces  can be 
calculated. The harmonic analysis does not take into consideration the transient vibrations of 
the structure, obtained at the beginning of the running process.  
The  harmonic  reaction  is  linear.  Any  discontinuity  such  as  plasticity  and  interstitial 
contact between elements will not be considered even if they have been defined. This analysis 
can also be used for a pre-tensioned structure.  
The  model  and  harmonic  analysis  elaboration  and  design  requires  the  same  set  of 
directives like in the case of the finite element analysis. Moreover, the same options can be 
employed for the graphic interface (GUI). 
The harmonic analysis consists of three methods: full, reduced and super-positioned.  A 
fourth relatively costly method is the transient dynamic analysis based on specific frequency 
harmonic  loads.  The  superposition  method  can  be  performed  only  through  the 
ANSYS/LinearPlus mode.  
The full method is the easiest. It is based on the full set of matrices, be they symmetrical 
or not. The reduced method condenses the dimension by means of degrees of freedom and 
reduced matrices. Once the displacements and degrees of freedom obtained, the solution can 
expand the full original set of degrees of freedom. 
The advantages of this method are as follows:  
- is quick and less costly than the full method; 
- pre-tensioning effects can be included such as obliquely aligned active elements.  
The present research deals with the reduced method for ultrasonic motors. The harmonic 
reaction analysis for the reduced method consists of: 
- model construction. The title of analysis and digitization type of element, the real 
parameters and material properties as well as the model geometry are specified;  
- charging and solution generation. Defining master DOF (master degrees of freedom) – 
essential or dynamic degrees of freedom that outline the dynamic behavior of the structure. 
The following alternatives are to be used to calculate the equations: frontal solver, Jacobi 
Conjugate Gradient (JCG), Incomplete Choleski Conjugate Gradient (ICCG). By definition, a 
harmonic analysis implies sinusoidal variation in time of any applied charge.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Three components are required: amplitude, phase and the frequency domain; 
-  results.  The  results  of  the  reduced  analysis  represent  master  DOF  displacements, 
harmonically varying for each frequency whose solution has been determined.  
 
2.   FINITE  ELEMENT  BASED  MODELING  OF  THE  SECTOR 
PIEZOELEMENT FOR THE MUL-1OC LINEAR ULTRASONIC MOTOR 
 
The active element of the stator assembly of the linear ultrasonic motor is  a sector 
piezoelement. 
Modeling of its running through Ansys is based both on a modal analysis so as to 
determine the frequencies of the vibration as well as on a harmonic analysis in view of 
determining the model’s nodal displacements.  
 
 
The following phases have been performed :  
- construction of the model. For the construction of 
the  model  based  on  the  finite  element  analysis  of  the 
sector laminated piezoelement (the active element of the 
linear  ultrasonic  motor),  first,  its  geometry  must  be 
designed.  A  60  x  12  x  0.5  mm  prismatic  volume  is 
generated in the Cartesian coordinate system as shown in 
Figure 1.   
Digitization in finite elements of the structure (fig.2) 
is achieved by means of the Solid 5 tetrahedral element, 
displaying  the  material  properties  of  the  PZT  5 
piezoelectric element.   Fig. 1 Volume and areas of the laminated 
piezoelement. 
 
 
 
 
a  b 
Fig. 2  Finite element digitization of the laminated piezoelement:  
a – Solid 5 finite element 5; b – finite element digitization of the lamella. 
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  - modal analysis. The modal analysis used to determine the vibration characteristics 
of the structure is based on the reduced method. It aims at determining the frequencies of the 
vibration modes as well as the corresponding deformation. There have been calculated the 
first  30  vibration  modes  for  the  present  research  case.  Once  the  solution  obtained,  the 
vibration mode is selected in the case of a sector laminated piezoelement characterized by a 
24.32 KHz frequency traveling wave as shown in Figure 3. 
   
Fig. 3  Vibration mode for the 24.32 KHz.  Fig. 4. Selection of corresponding lines for two sector edges.  
 
- harmonic analysis. The harmonic analysis is performed for one frequency only. This 
is one of the frequencies obtained through the modal analysis and it produces a traveling wave 
type of vibration.  
In this case, dephased harmonic tensions are applied to the electrodes of the sector 
laminated ceramic piezoelement.  
The  harmonic  analysis  was  carried  out  for  the  24.32  KHz.  For  this  frequency,  the 
vibration  of  the  sector  laminated  piezoelement  triggers  a  traveling  wave  of  rather  high 
amplitude so as to drive the actuator. 
Once  the  harmonic  analysis  completed,  the  corresponding  lines  are  selected  for  the 
edges of two sectors as shown in Figure 4.  
- results. The corresponding nodes for these lines are selected and the displacement 
values on the OZ axis are listed as shown in Table 1. 
 
Table 1. Displacement values in nodes on the OZ axis. 
No. 
Node 
Displacement 
[μm] 
No. 
Node 
Displacement 
[μm] 
1  0.047  21  0.009 
2  0.035  22  0.008 
3  0.023  23  0.007 
4  0.013  24  0.004 
5  0.004  25  0.001 
6  -0.004  26  -0.002 
7  -0.010  27  -0.006 
8  -0.014  28  -0.010 
9  -0,017  29  -0.014 
10  -0.018  30  -0.017   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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11  -0.018  31  -0.019 
12  -0.016  32  -0.02 
13  -0.014  33  -0.019 
14  -0.010  34  -0.016 
15  -0.006  35  -0.011 
16  -0.003  36  -0.004 
17  0.001  37  0.005 
18  0.004  38  0.016 
19  0.007  39  0.028 
20  0.008  40  0.040 
 
These values (as illustrated in Table 1) help draft the nodal displacement graph (see 
Figure 5)  for a 100 V  driving tension of the laminated piezoelement.  The harmonic 
displacement wave is  marked. The displacements on the OZ axis display submicronic 
values. The turret drive assembled with the laminated piezoelement will trigger similar or 
even smaller displacements.  
 
 
Fig. 5. The nodal displacement variation of the laminated piezoelement edges.  
 
3.   THE  FINITE  ELEMENT  MODELING  OF  THE  TURRET  DRIVE 
ACTUATOR 
The second element of the drive system of the MUL-1OC linear ultrasonic motor is the 
turret drive actuator. This is deformed by the sector laminated piezoelement.  
Once  the  volume  geometry  of  the  turret  drive  actuator  devised  (Figure  6),  the 
digitization of the Solid 45 element is initialized  (Figure 6, b).  
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a  b 
Fig. 6. The turret actuator of the drive system : 
a – volume of the turret drive actuator; b – digitization of the turret drive actuator. 
 
The modal analysis is performed so as to achieve two „traveling‖ wave type of vibration 
modes,  for  the  24.342  KHz  and  33.862  KHz  frequencies.  The  two  vibration  modes  are 
illustrated in Figure 7. The number 13 mode of vibration of the turret drive actuator displays a 
frequency close to that of the sector laminated piezoelement.  
The teeth of the turret drive actuator, situated on the traveling wave, have a forward and 
backward reciprocal movement and, therefore, they can drive, by friction, the drive actuator.  
 
 
 
 
a 
   
b 
Fig. 7. Deformation of the turret drive actuator for the two vibration modes:  
a – vibration mode 13 for 24.342KHz; b – vibration mode 15 for 33.862KHz. 
 
Figure 8 illustrates the nodal solutions on the OZ axis displacement for the two modes 
in which the turret drive actuator triggers a traveling wave.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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a  b 
Fig. 8  Nodal solutions for OZ displacement: 
a – vibration mode 13for  f = 23.34KHz; b –vibration mode 15 f = 33.86 KHz. 
 
4. CONCLUSIONS 
 
1 The finite element method ensures the study of both static and dynamic behavior of 
the active and activated elements in the case of linear ultrasonic motors; 
2 The modal analysis brings about the frequencies at which both the piezoelements and 
the other active elements of the ultrasonic motors display a ―traveling wave‖ type of vibration 
mode; 
3 The harmonic analysis deals with modal displacements in various directions, the most 
representative is the running direction; 
4 The input data for the harmonic analysis are garnered through measurements and the 
results are compared to the corresponding dimensions of the theoretical results; 
5 In the case of the linear ultrasonic motor, the two elements of the drive system (the sector 
laminated piezoelement and the turret drive actuator) are modeled according to the finite element 
method. 
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  Abstract: The paper presents the finite element modeling of the temperature behavior and stress map 
during  the  reconditioning  process.  This  analyze  is  important  to  be  done  because  if  the  temperature  of  the 
reconditioned piece is greater than about 200
0 C structural transformations could appears. On the other hand, 
important stress appears at this temperatures. These stress, in some conditions can destroy the integrity of the 
deposed metal layer.  
 
  Key words: Reconditioning, temperature, stress, FEM 
 
 
1. INTRODUCTION 
 
Because of the frictional process, many pieces used in industry are permanent attacked 
by  a  wear  process.  One  of  the  reconditioning  technique  consists  in  metal  deposition  by 
different methods. One of the methods consists in metal spraying by using an electric arc [1]. 
Depending on the thickness of the metal that is deposed many layers are applied. In some 
cases of technological parameters, it is possible that after a specified number of layers, the 
temperature of the base material increase. This temperature increasing depends on: 
  - the base material thickness; 
  - the deposed material thickness;  
  - the deposition speed; 
  - the deposed material temperature; 
  - the geometrical position on the base material, etc. 
Generally,  the  material  phase  transformation  temperature  starts  from  T  =  200
0  C.  This 
temperature has not to be reached because the initial metal characteristics starts to be changed. 
Because the reconditioning process is very dynamic the temperatures in the working zones 
varies permanently.  The work from this article consist in temperature approximation and 
stress analyze in condition of a constrained piece. Because of the temperature increasing up to 
the about T = 200
0 C, inside the initial metal piece and deposed this layers inside this structure 
important stress are appeared. In some working condition, because a part of these stresses that 
remains inside the piece thin cracks may appeared. 
 
 
2. FEM OF THE TEMPERATURE BEHAVIOR DURING METAL DEPOSITION 
   
This model [2] consists in a metal plate of a length L = 100 mm, high h = 5 mm and 
depth d = 50 mm. On the upper surface of the plate thin metal layers of h1 = 0.01 mm, are 
deposed.  One  approximation  of  the  model  considers  that  the  deposed  layer  is  done  very   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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rapidly at every t = 0.5 sec. In these conditions, the modeling will calculate the temperature 
variation after this period of time. Because each metal drop is in liquid state at the collision 
with the base plate the temperature of the deposed layer is approximated at Tliq = 1500
0 C. 
The initial metal plate temperature is considered Tsol= 20
0 C. After the first metal deposition 
the temperature map is presented in the figure 1. After t1 = 0.5 sec, the deposed layer has the 
temperature T1layer = 50
0 C. The temperature at the lower part of the piece has the maximum 
value T1piece = 24
0C.  
 
 
 
Fig. 1 The piece temperature after the first metal layer deposition 
   
After the second metal layer deposition, the temperature map is presented in the figure 
2. In the deposition zone the temperature reached the maximum value T2layer = 60
0 C. At the 
lower part of the piece, the temperature increased at the value T2piece = 35
0C. The temperature 
map is presented in the figure 2.   
 
 
 
Fig. 2 The piece temperature map after the second metal layer deposition 
   
The third metal deposition conduced to an important temperature increasing up to the value 
T3layer = 130
0 C and in the lower part of the piece part the temperature reach the T3piece = 61
0C. 
The figure 3 presents this temperature map and thermal flux vector map.     Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig. 3 The piece temperature map after the third metal layer deposition  
and the thermal flux vector map 
   
The forth deposition produced in the upper piece zone a maximum temperature T4layer = 132
0 
C and in the lower part a maximum temperature T4piece = 91
0C. 
 
   
 
 
Fig. 4  The piece temperature map after the third metal layer deposition  
   
The  fifth  and  the  sixth  metal  layer  deposition  are  presented  in  the  figure  5.  The 
temperature after two metal depositions reached in the upper zone the temperature  T6layer = 
226
0  C.  The  bottom  part  has  the  temperature  T6piece  =  124
0C.  An  important  temperature 
increasing  is  produced  after  the  seventh  deposition  On  the  upper  zone,  in  the  layers, 
temperature  has  a  maximal  value  T7layer  =  329
0C.  Immediately,  under  these  layers,  the 
temperatures are greater than T = 200
0 C. 
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Fig. 5 The piece temperature map after the fifth and sixth metal layer deposition  
   
In this situation, it is considered that the reconditioning process has to be stopped. Structural 
transformations are possible and this is not a good thing. The figure 6 presents this situation.  
 
 
 
Fig. 6 The piece temperature map after the seventh metal layer deposition  
   
In this step, after the time t = 2 sec, temperature starts to decrease and to be relatively 
uniform in the range T = 163 - 185
0C. The figure 7 presents this moment and the thermal flux 
and thermal gradient. 
 
 
a.                                                    b.                                                      c.  
Fig. 7 Temperature of the reconditioned piece after the time t = 2 sec,  
b - thermal flux and c- thermal gradient 
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3.  FEM  OF  THE  STRESS  AS  A  RESULT  OF  PRODUCT  HEATING  DURING 
RECONDITIONING PROCESS 
   
Because  the  working  piece,  during  the  reconditioning  process,  is  heated  and 
mechanical fixed, inside the material important stress are developed. Using the finite element 
method, different types of stress will be presented. In the figure 8, S1, S2, S3 principal stress 
are presented.  
 
 
 
Fig. 8 S1, S2 and S3 principal stress presentation 
 
The S1 principal stress indicates that the deposed layer is compressed at the maximal 
value ˃com = 0.1·10
8 N/m
2. The value is lower than the Young modulus but is important .  The 
S2 principal stress indicates compression stress in the deposed layer but with different values. 
The greater value,˃com = 0.64·10
9 N/m
2is located in the center and the lower value ˃com = 
0.1·10
8 N/m
2 on the OX axis. The S3 principal stress indicates also compression stress with 
the maximal value ˃com = 0.1·10
10 N/m
2 on the lower part of the piece. The value is very 
important, not greater than the elasticity modulus but when the piece will be unclamped only 
a part of thermal stress  will disappear and the piece will be stressed during the working 
lifetime.   
  The SX, SY and SZ  stress are presented in the figure 9. For the OX axis, compression 
stress are calculates with the maximal value ˃com = 0.6·10
9 N/m
2. The OY stress indicates 
compression and tensile stress. In this case the working piece and the deposed layer will be 
subjected to different types of stress that means different solicitations which can produce 
cracks in the condition of other kind of solicitations.  The SZ stress indicates also different 
tensile and compression stress  with a maximal value ˃com = 0.64·10
9 N/m
2.    
 
 
Fig. 9 SX, SY and SZ stress presentation   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Other type of solicitations are presented in the figure 10. These shear stresses are 
calculated in the plane XOY, YOZ and XOZ. In the first plane, the deposer layer is uniform 
stressed and the maximal value calculated in the lower part is ˃com = 0.5·10
9 N/m
2 . The same 
value, but in tensile sense is also calculated in this case. This alternation tension-compresion 
can produce small cracks.  For the plane YOZ, a uniform stress  map is  presented on the 
deposed layer. The maximal value in this situation is ˃com = 0.4·10
8 N/m
2 . In this plane the 
stress map is not so important.  
 
 
Fig. 10 Shear stress for the planes XOY, YOZ and XOZ 
  An important discussion has to be done in the case of XOZ shear stress. Here, on the 
metal deposed layers, two corners are compressed and two corners are supposed to tensile 
stress. This variation can produce cracks during piece life-time.  In this case the maximal tress 
value is ˃com = ˃tensile= 0.5·10
9 N/m
2.  
 
4. CONCLUSIONS 
 
The finite element method is very useful in many situations when direct measuring or 
using  sensors  is  not  possible.  This  method  shows  its  value  in  the  case  of  temperature 
approximation or stress calculation in this case of engineering technology. The temperature 
variation in the case of metal deposition is important and is not every time considered. The 
article shows that structural modification are possible because the temperature increasing and 
tells  that  the  FEM  should  be  used  before  apply  this  technology.  Another  problem  very 
important to be study is the possible exfoliation of the metal layers deposed. The thermal 
stress that are induced by the process in the metal base and deposed layers are important and 
the temperature come-back do not ensure that stress are eliminated. As it was show, the stress 
values are very important, below the elasticity modulus but not so far. All the technological 
steps defined in metal reconditioning steps are to be followed because the stress conditions 
allow cracks formation and propagation. 
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Abstract. In this paper it is presented an experimental study concerning the accuracy achieved at the exterior 
contours finishing at work pieces made by 6082 aluminum alloy, on a vertical machining centre YMC 1050 with 
three axes. The chosen profile is compound of straight and arc portions, in order to be properly obtained on 
these machines, where we can determine dimensional, linear and angular, deviations and geometrical, shape, 
sense of direction and position, deviations. The accuracy of the manufactured surfaces was analyzed from the 
cutting speed and feed influence point of view, which were varied at two level values and by the milling method, 
climb or conventional millin. 
 
Keywords: accuracy, cutting speed, feed, climb or conventional milling, programming with Top Solid 
 
1. INTRODUCTION 
 
It  is  known  that,  in  the  conditions  of  the  fierce  competition  on  the  market,  the 
producers assume various strategies in order to increase the quality of the offered products, 
simultaneously  with  the  manufacturing  costs  decrease.  Because  the  dimensional  and 
geometrical accuracy of the surfaces that compound the products are among the elements that 
assure  a  high  quality,  in  order  to  increase  it,  is  acted  in  the  materials  manufacturing 
improvement, in finding optimal cutting conditions, execution on the manufacturing centres 
or other machines with high precision and so on. The manufacturing centers with numerical 
control  are  technological  equipments  with  a  high  productivity  and  precision  that  make 
possible  special  achievements.  The  advantages  of  these  machines  in  relation  with  the 
universal  ones  are  expressed  in  productivity  terms,  precision,  shape  complexity, 
manufacturing cost or the flexibility at the product change [1, 2, 4]. 
This paper it is intended for experimental research of the geometrical and dimensional 
accuracy that can be obtained for a contour milling at workpieces made by 6082 aluminum 
alloy on the vertical machining centre with three axes YMC 1050. The chosen profile is   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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compound of straight and arc portions, in order to be properly obtained on these machines, 
where we can determine dimensional, linear and angular, deviations and geometrical, shape 
and orientation, deviations. 
In this research, the designed surfaces precision was analyzed from the cutting speed 
and feeding influence point of view, which were varied at two level values and by the milling 
method, climb or conventional milling.      
 
2. METHOD AND EQUIPMENTS 
 
The experiment consisted in contour manufacturing with different values of cutting 
speed  and feed,  and  with  different  contour crossing sense, in  order to  highlight both  the 
effects  of  these  influence  factors  on  the  dimensional  and  geometrical  accuracy  of  the 
manufactured contour, and the achieved accuracy on the vertical machining centre YMC 1050 
[11], at contour milling process. 
There  were  manufactured  four  rectangular  work  pieces  with  the  76x65x40mm 
dimensions from a 6082 aluminum alloy. The 6082 aluminum alloy [13,14,15] has a medium 
mechanical strength and an excellent corrosion strength. From the 6000 series has the highest 
mechanical strength, which is the main reason of replacing the 6061 alloy. It is available 
under the shape of sheets, plates, bars and tubes and four hardness corresponding to four heat 
treating marked with: 0, T4, T6 and T651. The material used for the experiments is in T6 
state, according to the above notations. The chemical composition of the 6082 aluminum 
alloy is presented in table 1. 
Table 1 
Al  Si [%]  Fe [%]  Cu [%]  Mn [%]  Cr [%]  Mg [%]  Zn [%]  Ti [%]  Other[%] 
Bal  0,7-1,3  0,5max  0,1max  0,4-1,0  0,25max  0,06-1,2  0,2max  0,1max  0,15max 
At the surface milling we have used the ZUBORA 10 H cutting fluid with a 5% 
concentration [16]. 
On each work piece was performed a plane surface and a contour (roughing cut and 
then finishing), then the work piece was turned upside down and the operation was repeated 
(plane surface and contour), in this way there were obtained 8 contours made in different 
cutting conditions (figure 1). 
The cutting tools, according to  Catalogo generale Consorzio Distributori Utensili  – 
(www.cdu.net), and the chipping parameters are: 
- T1, end-mill with hole, provided with cutting inserts - TKn producer, code: A55 110 
0500; angle K= 90
0; exterior diameter ʦ50mm; height H= 40 mm; hole diameter Ф22H7mm; 
number  of  teeth  z=  5;  cutting  inserts  APKT-APFT  1604  type;  recommended  cutting 
conditions – maximum depth of cut 16 mm, maximum feed 0,15 mm/tooth; mill used for 
superior planar surface, using the rotation n= 3000 rot/min and the feed f= 1000 mm/min; 
- T3, end-mill with cylindrical tailpiece with cutting inserts - TKn producer; code: 
A55 080 0160; angle K= 90
0; exterior diameter ʦ16mm; height H= 24 mm; tailpiece diameter 
Ф16h6mm;  total  length  85  mm;  number  of  teeth  z=  2;  cutting  inserts  APKT-1003  type; 
recommended cutting conditions – maximum depth of cut 10 mm, maximum  feed 0,415 
mm/tooth; mill used for roughing cut of contour using the rotation n= 4000 rot/min and the 
feeding f= 600 mm/min; 
- T4, end-mill made with hard material with cylindrical tailpiece – Format producer; 
code: A50 378 1400; exterior diameter ʦ14h10mm; height H= 26 mm; tailpiece diameter   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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ʦ14h6mm; total length 83 mm; tooth number z= 4; material VHM K10/K20, covered with 
TiAlN; N type, DIN 6527  – used for contours P1…P8 finishing (figure 1), with the next 
cutting parameters: 
  P1, P5 - V=200 m/min, S=4550rot/min, f= 0,03mm/tooth, F=546mm/min 
  P2, P6 - V=200 m/min, S=4550rot/min, f= 0,06mm/tooth, F=1092mm/min 
  P3, P7 - V=300 m/min, S=6825rot/min, f= 0,03mm/tooth, F=819mm/min 
  P4, P8 - V=300 m/min, S=6825rot/min, f= 0,06mm/tooth, F=1638mm/min 
The thickness of the removed material was 0,3 mm, for both the P1…P4 contours climb milled 
and P5…P8 contours conventional milled.The T1, T3 and T4 tool coding correspond to their 
position in the tools storage hopper. 
 
 
Fig.1 
 
 
 
Fig.2                                                 Fig.3 
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The CNC program for the work pieces processing on the YMC 1050 manufacturing 
centre was made by using the computer aided programming, with the TopSolid Cam module, 
after obtaining the 3D part model in the TopSolid Cad [5,6,7,8,9,10]. The contour profile 
contains rectilinear parts parallel with the coordinates axes or tilted, tangent or not to circular 
profiles, where we can determine dimensional (linear and angular) deviations and geometrical 
(shape and orientation) deviations. In order to highlight the elementary profiles that form the 
part contour, these were numbered from 1 to 12 (figure 4). 
 
 
Fig.4 
 
After  the  parts  manufacturing,  the  contour  surfaces  were  inspected,  in  order  to 
measure the angular and linear dimensions and the geometrical deviations with a measuring 
arm FaroGage at DICO Romania S.A. 
 
3.  RESULTS  AND  DISCUSSION  CONCERNING  THE  ACCURACY 
RECEIVED 
 
Shape deviations 
On the contour there are a number of 6 planar surfaces, taking into consideration the 
chamfer 2x45
0. This has small dimensions and it doesn’t have an important operational role; 
this is the reason that we forfeit measuring its deviation from flatness. The flatness deviations 
values of surfaces S1, S3, S5, S8 and S11 are presented in table 2. 
 
Table 2.Flatness deviations values of contour surfaces [mm] 
  P1  P2  P3  P4  P5  P6  P7  P8 
S1  0,000  0,002  0,002  0,000  0,004  0,001  0,000  0,003 
S3  0,001  0,001  0,001  0,002  0,002  0,005  0,000  0,001 
S5  0,002  0,004  0,000  0,002  0,002  0,002  0,000  0,000 
S8  0,003  0,000  0,000  0,001  0,000  0,000  0,000  0,000 
S11  0,000  0,000  0,003  0,007  0,003  0,000  0,000  0,001 
Mean  0,0012  0,0014  0,0012  0,0024  0,0022  0,0016  0.0000  0,001   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig.5 
 
From the table 2 data analysis we can extract the following remarks: 
-  the deviations are not significant, one single value (of 0,007 mm) is higher than the 
measuring device precision of 0,005 mm; 
-  the surface S11 may have higher flatness deviations because on this surface the 
tool approach and depart  from contour, and may leave prints on the manufactured 
surface, especially if it is made a quick coming, as a result of a mass inertia force 
and radius correction discharge. In fig. 5…14 we have marked with SA the feeding 
from climb milling and with SCA the feeding from conventional milling. 
In the lower part of the table 2, on the last line, there was made the column values 
mean, graphically represented in figure 5. The bars from this diagram are much lower than the 
maximum value on Z axis (which correspond to the apparatus precision) which highlight that 
after the manufacturing there were obtained surfaces with out of flatness deviations lower 
than 2,5 μm. 
The lower differences between the flatness deviations obtained in various conditions 
and their small values do not allow to clearly highlight the effect of any of the considered 
influence factors. 
On  the  contour  there  are  6  cylindrical  surfaces,  3  with  the  centre  in  the  material 
interior, meaning exterior cylindrical surfaces and 3 with the centres in the material exterior, 
meaning interior cylindrical surfaces. Because the cylindricity validation assumes taking into 
account a high number on the workpiece, and in the cases of small fillets the operation is 
laborious, the deviation of cylindricity was determined for S4 and S7 surfaces. The deviations 
values for the considered surfaces are presented in table 3. 
 
Table 3. Cylindricity deviations for two surface contours[mm] 
  P1  P2  P3  P4  P5  P6  P7  P8 
S4  0,001  0,003  0,006  0,002  0,006  0,004  0,004  0,010 
S7  0,003  0,007  0,004  0,003  0,007  0,010  0,010  0,015 
Mean  0,002  0,005  0,005  0,0025  0,0065  0,007  0.007  0,0125 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
136 
From the table 3 data analysis, we can make the next remarks: 
- the cylindricity deviations have small values - 0,015 mm maximum; 
- high values were obtained for surface S7 that makes the passing for an arc to a 
segment, without being tangent in contrast with the surface S4 that is tangent at two arcs and 
that has lower cylindricity deviations; 
- according to the graphic from figure 6, it appears that in the conventional milling the 
deviations are higher than in the climb one. 
 
 
Fig.5 
 
 
Fig.6 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
137 
Orientation deviations 
 On the contour there are three planar parallel surfaces S1, S5 and S8. The deviation 
from parallelism of S1 and S5 surfaces in relation with the reference base S8 (which has 
higher dimensions and lower flatness deviations) are presented in table 4. 
 
Table 4. Deviation from parallelism of S1 and S5 surfaces in relation with the reference base S8 [mm]  
  P1  P2  P3  P4  P5  P6  P7  P8 
S1  0,002  0,004  0,001  0,020  0,023  0,010  0,011  0,011 
S5  0,007  0,003  0,006  0,015  0,016  0,006  0,007  0,013 
Mean  0.0045  0.0035  0.0035  0.0175  0.0195  0.008  0.0014  0.012 
  
From the data analysis from table 4, we can make the next remarks: 
- the deviation from parallelism are lower than 0,01 mm; 
- the maximum deviation from parallelism were obtained at P4 and P5 contours - this 
thing cannot be explained by the considered influence factors, because at the two parts all the 
working parameters were different. 
The deviation from parallelism of the S1 and S5 surfaces, having as a reference one 
the S8 for the considered experimental conditions, it is presented in figure 7. 
 
 
Fig.7 
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On the contour there are two perpendicular surfaces S1 and S11. The perpendicularity 
deviations  values  of  the  S1  surface  in  relation  with  the  reference  base  made  on  S11  are 
presented in table 4. 
 
 
Fig.8 
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Table 5.Perpendicularity deviations of the S1 and S11 surfaces [mm] 
  P1  P2  P3  P4  P5  P6  P7  P8 
S1-S11  0,005  0,002  0,016  0,002  0,003  0,024  0,016  0,014 
  
From the table 5 data analysis we can see that there is a high values dispersion, from 
0,002 to 0,024 mm. A possible explanation of this situation is the fact that the contour begins 
on the S11 surface, where the tool creates deflections. The perpendicularity deviations of the 
S1 and S11 surfaces, for the experimental conditions, are presented in figure 8. 
Linear and angular deviations 
On the contour there are 4 planar surfaces at different angles. On the figure 4 we can 
see S1 and S12 surfaces, that make an angle of 45
0 and S1 and S3 surfaces which make an 
angle of 120
0. The angle measured values for the specified surfaces are presented in table 6, 
and the deviations from the theoretical angular dimensions are presented in table 7. 
 
Table 6.The angular dimensions values between the S1 and S3 surfaces and S1 and S12 [mm]  
  P1  P2  P3  P4  P5  P6  P7  P8 
S1-S3  12002'  12002'  120  11959'  11959'  12002'  11959'  12001' 
S1-S12  4446'  4449'  4508'  4458'  4503'  4504'  4458'  4508' 
 
 
 
Fig.9 
 
Table 7.Angular dimensions deviations between the S1 and S3 surfaces and S1 and S12 [mm] 
  P1  P2  P3  P4  P5  P6  P7  P8 
S1-S3  2'  2'  0'  -1'  -1'  2'  -1'  1' 
S1-S12  -14'  -11'  8'  -2'  3'  4'  -2'  8' 
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Fig.10 
 
From the data analysis (tables 6 and 7) we can make the next remarks: 
- the deviations are higher in the case of 45
0 angle, which can be explained by the low 
S12 chamfer width, fact that force use to consider points very close on this surface; 
- the 120
0 angle between S1 and S3 is made with high precision, the deviations are 
lower than 2’. The measured angular dimensions are presented in fig. 9 and 10.  
 
 
 
Fig.11 
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From the fig. 4 we can see that the contour is compound by more distanced elements. 
These were measured and their values are presented in the next tables. For each table there 
were  drawn  diagrams  that  highlight  the  linear  dimensions  dependence  on  the  considered 
influence factors. 
 
Table 8. The lienar dimensions between S1 and S8 and respectively S5 and S8 [mm] 
  P1  P2  P3  P4  P5  P6  P7  P8 
S1-S8  60.025  60.024  60.016  60.010  60.033  60.029  60.026  60.022 
S5-S8  40.016  40.017  40.014  40.020  40.041  40.025  40.025  40.031 
 
 
Fig.12 
 
The values of the radiouses R10 on the surfaces S4 and S7 are presented in table 9. 
Table 9.The R10 radiuses on the S4 and S7 surfaces [mm]    
  P1  P2  P3  P4  P5  P6  P7  P8 
R10-S4  9.98  10  9.96  10  10  9.98  9.93  9.99 
R10-S7  10.02  9.98  10.02  10.00  9.97  9.96  9.99  9.98 
 
The R16 values on the S6 and S10 surfaces are presented in table 10. 
 
Table 10.The values of R16 radiuses on the S6 and S10 surfaces [mm] (fig. 15 and 16)   
  P1  P2  P3  P4  P5  P6  P7  P8 
R16-S6  15.990  15.990  15.980  15.975  16.000  16.020  15.995  15.990 
R16-S10  15.950  15.960  15.970  15.945  15.985  16.010  16.011  15.990 
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Fig.13 
 
 
 
Fig.14 
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From the figures 9..14 analysis, referring to the dimensional deviations, we can make 
the next remarks: 
- angular deviations are not higher than 2’, with the exception of the very low surfaces, 
where we cannot make accurate measurements; 
- the linear deviations are not higher than 0,02 mm; 
- it could not be highlighted an accurate influence of the cutting speed, the feed or the 
milling sense over the dimensional deviations.  
 
3. CONCLUSIONS  
 
The experimental results regarding the received accuracy of the 6082 aluminum alloy 
contour milling, lead to the next general conclusions: 
- for the working conditions used in the experiment, on the YMC 1050 manufacturing 
centre, accurate contour milling operations can be made, regarding the linear and angular 
dimensions, but also to the obtained surfaces form and orientation; 
- it is possible to highlight cutting parameters influences over the geometrical and 
dimensional precisions, if the considered parameters are varied in high domains.  
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Abstract. In this paper it is presented an experimental study concerning the surface quality achieved at the 
exterior contours finishing at work pieces made by 6082 aluminium alloy. The quality was analyzed from the 
roughness point of view and the manufactured surface topography, in correlation with influence factors like the 
feeding, the cutting speed, and the milling method, climb or conventional one. 
 
Keywords: surface quality, cutting speed, feed, climb or conventional milling, Top Solid 
 
1. INTRODUCTION 
 
The surface quality is determined by the geometrical deviations of the real surface in 
relation with the ideal one and by the physical-mechanical properties of the surface layer, and 
the interest for the manufactured surfaces quality study is justified by the efficiency provided 
by them to the products [1]. 
On the economical point of view, the manufactured surface can have deviations that, 
in relation with the shape and dimensions, can be divided in macro-deviations, corrugations 
and micro-deviations or roughness. 
The physical qualities of the surface layer are determined by its properties, different 
by the base material properties. The next properties are important: high hardness, because of 
the  hardening  phenomenon  or  other  causes,  the  stress  state  and  mico-structure  changing, 
under the influence of the growing forces and temperatures from the cutting process, changes 
because of some chemical processes, and so on. The working lifetime of machines, as many 
other products, highly depends on the parts surfaces quality that compounds them. 
In  this  paper  an  experimental  study,  concerning  the  machined  surfaces  quality 
achieved at finishing process of aluminum alloy 6082 workpieces, is presented. The surfaces 
quality  was  analyzed  from  the  roughness  point  of  view  and  the  manufactured  surface 
topography,  in  corelation  with  influence  factors  like  the  feed,  cutting  speed  and  milling 
method, climb or conventional one.     Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2. METHOD AND EQUIPMENTS 
 
The machined surfaces quality was analyzed from the roughness and topography point 
of view. The factors that influence the mentioned characteristics and their levels are: 
- cutting feed f=0,03 mm/tooth (-1 level) and respectively f=0,06 mm/tooth (+1 level); 
- cutting speed Vc=  200 m/min and respectively Vc=  300 m/min (+1 level); 
- conventional milling (-1 level) and climb milling (+1 level). 
The workpieces were under the shape of plates, with the dimensions 76x65x40 mm, 
from the aluminium alloy 6082. Alloy 6082 is typically used in highly stressed applications, 
trusses,  bridges,  cranes,  transport  applications,  milk  churns,  and  so  on  [7].  Chemical 
composition  of  alloy  6082  is:  Al=bal,    Si=0,7-1,3[%],  Fe=0,50  max[%],  Cu=0,1max[%], 
Mn=0,4-1,0[%],  Cr=0,25max[%],  Mg=0,06-1,2[%],  Zn=0,2max[%],  Ti=0,1max[%],  other 
each=0,05max[%], other total=0,15max[%].   Typical mechanical properties of alloy 6082 
are:  tensile strength min. 295 N/mm
2, yield strength min. 240 N/mm
2 and elongation on 
50mm min. 8% . 
The finishing milling of the contour, was made in the presence of the cutting fluid 
Zubora 10 H plus in 5% concentration [8], with a end-mill made with hard material – Format 
producer; code: A50 378 1400; exterior diameter ʦ14h10mm; height H= 26 mm; tailpiece 
diameter  ʦ14h6mm;  total  length  83  mm;  tooth  number  z=  4;  material  VHM  K10/K20, 
covered  with  TiAlN;  N  type,  DIN  6527  [9].  The  thickness  of  the  removed  material  at 
finishing was 0,3 mm. 
The 8 contours were made on the vertical manufacturing centre YMC 1050 (fig. 1), in 
different conditions, according to the possible combinations of the three considered influence 
factors  and  their  levels  mentioned  above.  The  climb  milling  contours  were  marked  with 
P1..P4 and the conventional milling contours were marked with P5…P8, with the next cutting 
parameters: 
  P1, P5 - V=200 m/min, S=4550rot/min, f= 0,03mm/tooth, F=546mm/min 
  P2, P6 - V=200 m/min, S=4550rot/min, f= 0,06mm/tooth, F=1092mm/min 
  P3, P7 - V=300 m/min, S=6825rot/min, f= 0,03mm/tooth, F=819mm/min 
  P4, P8 - V=300 m/min, S=6825rot/min, f= 0,06mm/tooth, F=1638mm/min  
   
 
Fig. 1 
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The numerical command programs used to manufacture the contours on the vertical 
machining centre YMC 1050 [5], were made with Cam module of TopSolid, its Cad module 
was used to draw the part 3D model, which contains the manufactured contour (figure 2), and 
with  the  Cam  module  were  made  two  numerical  command  programs,  one  for  the  climb 
milling and one for the conventional milling [2,3,4], using the radius correction. In order to 
obtain all the experimental conditions (two feeding and speed factors, al two levels, meaning 
a 2
2 experiment), each program was compiled four times. 
After the finishing milling of the contour, the surfaces were inspected, in order to determine 
the Ra roughness parameter, with the roughness apparatus Mitutoyo SJ 201 [6], that was set 
for a base length LB of 0,8 mm which correspond to a roughness of Ra= 0,1...2μm, and a 
measuring length of 5x LB. This apparatus can be connected to a computer in order to obtain 
the  certificates  of  inspection  with  the  SurfTest  SJ  201  Serial  Communication  Ver.  3.20 
software(figure 3).   
 
 
                                            Fig.2                                                    Fig.3 
 
The topography of the manufactured surfaces was analyzed with the SJ 201 roughness 
apparatus, and with a microscope DigiMicro 2.0 Scale [10] provided with an image sensor of 
2 Mega Pixels (interpolated to 5M), magnification ratio 20x to 200x, manual focus from 10 
mm  to  500  mm  and  bundle  software  Micro  Capture  with  measurement  and  calibration 
function.  
 
3.  RESULTS  AND  DISCUSSION  CONCERNING  THE  SURFACE 
ROUGHNESS 
 
The milling manufactured contour (fig. 2) is made by planar and cylindrical surfaces 
numbered  from  1  to  12.  The  roughness  of  these  surfaces  was  estimasted  by  using  the 
roughness specimens, being almost Ra= 0,1..2μm. 
The  Mitutoyo  roughness  apparatus  is  provided  with  a  mechanical  sensor  and 
according to the usage instructions can be applied only on planar surfaces, in any direction, or   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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on the swept surfaces, in the direction of the generator. So, the roughnesses were measured in 
the  work  feeding  direction,  on  the  surfaces  marked  with  S1,  S3,  S5,  S8  and  S11  and 
perpendicular on the feeding direction, for all the surfaces S1…S12, for each surface being 
executed five measurements. The extreme and mean values of the measured roughness in 
perpendicular direction on the feeding for each of the 8 contours P1…P8 remade in different 
conditions, are given in table 1, and for the roughnesses measured in the feeding direction are 
given in table 2. 
Table 1 
No. 
contour  
Ra surfaces roughness [μm] – measured perpendicular on the feeding direction 
Minimal values  Maximal values  Mean values 
P1  0,37  0,60  0,47364 
P2  0,42  0,56  0,49182 
P3  0,38  0,55  0,45273 
P4  0,40  0,55  0,48909 
P5  0,37  0,67  0,48364 
 P6  0,43  0,62  0,50727 
P7  0,41  0,54  0,48636 
P8  0,40  0,54  0,49091 
Table 2 
No. 
contour 
Surfaces roughness Ra [μm] – measured in the feeding direction 
Minimal values  Maximal values  Mean values 
P1  0,14  0,31  0,18875 
P2  0,16  0,38  0,28125 
P3  0,15  0,28  0,21625 
P4  0,27  0,39  0,32750 
P5  0,13  0,37  0,24500 
 P6  0,22  0,30  0,26500 
P7  0,11  0,18  0,13875 
P8  0,20  0,32  0,27250 
 
At the values calculus from table 2, there haven’t been taken into account the Ra 
values measured on the S11 surface, where the mill enters on the contour, respectively the 
mill retreat after its manufacturing. 
In  figure  4  there  are  presented  the  mean  values  of  roughness  measured  in 
perpendicular  direction  on  the  feeding  direction  (transversal),  and  in  figure  5  there  are 
presented  the  mean  values  of  the  Ra  roughness  measured  in  the  feeding  direction 
(longitudinal). From the figure 6 we can see that, the Ra spreading values for the experimental 
used conditions.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig.4 
 
 
 
 
Fig.5 
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Fig.6 
 
From the diagrams analysis we can extract the following conclusions: 
- the roughness measured perpendicular on the feed direction has bigger values than 
the  one  measured  in  the  feed  direction  and,  generally,  little  depends  on  the  considered 
influence factors (f, Vc and the milling method); 
- the roughness measured in the feed direction increases with the cutting feed - this 
remark is valid in all cases; 
-  the roughness measured in the feed direction is a little influenced by the cutting 
speed, we can see a slight general tendency of the roughness when the Vc increases from 200 
m/min to 300 m/min; in order to achieve the last value, there must be used a rotation that is 
almost  near with  the maximum one that can be made by the machine  – there is  also  an 
exception in the conventional milling with fz= 0,03 mm/tooth; 
- although the climb milling is recommended for finishing operations because it is 
considered  that  it  assures  a  smaller  roughness,  in  three  from  four  cases  this  thing  is  not 
checked – a first possible explanation can be that the material is soft, which makes the cutter 
teeth  in  the conventional  milling to  easily  enter and remove the material,  with  minimum 
deformations,  and  the  second  explanation  would  be  that  the  splinters  that  adhere  to  the 
manufactured surface were partially removed at the surface cleaning before the measurement. 
   
4.  RESULTS  AND  DISCUSSION  CONCERNING  THE  SURFACE 
ROUGHNESS 
 
In order to analyze the surfaces topography, it was used their observation towards 
finding explanations for some Ra roughness values, obtained by measurements. 
In fig. 7..14 (x 50 increases) it is presented the S1 surface on the 8 manufactured 
contours. The marks left by the mill on the workpiece is highlighted by smaller deviations in 
the case of P1, P3, P5 and P7 contours, where it was used a 0,03 mm/tooth feeding and 
deviations with double width in the case of the other contours P2, P4, P6 and P8, where it was   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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used a 0,06 mm/tooth feeding. Since the bumps height increase with their width, it is justified 
that, with the feeding increase, the manufactured surfaces roughness will increase. 
From the same figures, we can see that on some contour surfaces P5..P8 there are 
areas where, the splints are weld on the manufactured surface.  
Figure 7  - P1/S1, f=0,03mm/tooth, 
Vc=200m/min – Climb Milling  
Figure 8  - P5/S1, f=0,03mm/tooth, 
Vc=200m/min – Conventional Milling 
Figure 9  - P2/S1, f=0,06mm/tooth, 
Vc=200m/min – Climb Milling 
Figure 10  - P6/S1, f=0,06mm/tooth, 
Vc=200m/min – Conventional Milling   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The figure 15 highlights weld material on the manufactured surface brought by the 
tool in the conventional milling. The areas with the weld material do not have a uniform 
distribution, and were  partially  removed when the surfaces  were cleaned. Following this, 
depending on the inspected area at the roughness measurement, Ra values on this surface can 
be smaller or higher.  
 
 
Figure 11  - P3/S1, f=0,03mm/tooth, 
Vc=300m/min – Climb Milling 
 
Figure 12  - P7/S1, f=0,03mm/tooth, 
Vc=300m/min – Conventional Milling 
 
 
 
Figure 13  - P4/S1, f=0,06mm/tooth, 
Vc=300m/min – Climb Milling 
 
Figure 14  - P8/S1, f=0,06mm/tooth, 
Vc=300m/min – Conventional Milling 
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Fig. 15  - P5/S1, x100 f=0,03mm/tooth, Vc=200m/min – Conventional Milling 
 
Another important remark is that the tool lets on the surfaces marks like channels in 
the feeding direction. This can be observed on almost all surfaces (on some surfaces this fact 
is  obvious  –  figure  12),  which  explains  higher  roughness  values  measured  in  the 
perpendicular direction on the cutting feed and that do not significantly depend on the cutting 
operation and the milling type, climb or conventional one.  
 
4. CONCLUSIONS  
 
The researches concerning the surface roughness and topography obtained after the 
finishing milling of a contour manufactured in the cutting conditions used in this paper, lead 
to the next conclusions: 
- at the contour milling of the aluminium alloy 6082 parts, there are generally obtained 
roughnesses Ra<0,5μm; 
- the cutting feed has the biggest influence; 
- the fact that the roughness measured perpendicular on the feed direction is higher 
than the one measured in the cutting feed direction, which can be explained by the marks left 
by the tool on the machined surface.     
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ABSTRACT.  A new thermal oxidation process of growing a dry oxide then following with a wet re-oxidation 
anneal produces  an oxide with the dielectric strength of a dry oxide and the high-quality interface of a wet 
oxide. MIS field effect transistors (MISFET’s) with a ONO gate insulator had surface channel mobilities similar 
to MISFET’s with thermal gate oxides, and demonstrated a lifetime of 10 days at 335
o C and 15V bias. The 
lifetime of the ONO MISFET was a factor of 100 higher then for devices fabricated with deposited oxides, which 
had been the prior state of the art for high-temperature MISFET 's on SiC. 
 
Keywords: Reliability silicon, carbide, devices. 
 
1.INTRODUCTION 
 
The first four insulators listed in Table 1 under SiC are common dielectric materials 
used for semiconductor applications, and their characteristics are well known.  
The  operating  field  is  typically  limited  to  20%  of  the  critical  field  by  electrons 
tunneling from the substrate into the material. On SiC, A1N exhibits a large "avalanche" 
current  around  10-12  MV/cm  that  is  not  destructive  to  the  material.  For  this  reason,  the 
operating field of A1N on SiC is expected to be higher fraction of the critical field. 
A1O:N is generated by thermal oxidation of A1N,and is not significantly different 
than Al-2-O-3- .The critical and operating fields are approximated for this material. 
 
  Table 1 
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(Ba,Sr)  TiO-3-,TiO-2-,and  Ta-2-O-5-  have  been  of  considerable  interest  recently  for 
silicon  DRAM  applications  because  of  their  extremely  high  dielectric  constants,  and 
theoretically  could  improve  SiC  device  performance  [5].However  ,these  materials  have 
leakage  currents  and  a  temperature/time  resistance  degradation  at  very  low  fields  which 
lowers  their  operating  fields  considerably  [6]-[9].  Although  high  dielectric  constants  may 
make  these  materials  seem  quite  promising,  the  leakage  currents  and  constraint  on  the 
operating field are significant detractors. 
  Part of the challenge associated with investigating alternative dielectrics for use as a 
high-temperature, high-voltage passivant or gate dielectric is the wide assortment of materials 
from which to choose. The materials in Table 1 with figures of merit exceeding that of silicon 
dioxide  (ʵE-0-  >  8MV/cm)  were  investigated.  MIS  capacitors  were  used  as  a  preliminary 
instrument to determine which materials had the most promise for use as a MISFET gate 
dielectric. Four insulators were chosen to be fabricated into a set of 6H-SiC planar MISFET's. 
 
  2. INTERFACE QUALITY 
 
  For  high-temperature,  high-field  device  passivation  applications,  a  dielectric  must 
have high reliability. However, this is not enough to dictate its applicability for a gate layer of 
an MIS device. For this application, it is critical that charged bulk defects and electrically 
active interface defects must be minimized. 
  High-frequency capacitance-voltage (C-V) measurements were used to determine the 
room temperature flatband voltage, which is used to calculate the net oxide charge density.  
  Any difference between the actual voltage at which flatband capacitance occurs and 
the ideal value, accounting for metal-semiconductor work functions, determines the net oxide 
charge.  
  For wide bandgap semiconductors, such as SiC, the calculated charge density includes 
contributions from mobile ions, interface states and border traps, many of which appear fixed 
at room temperature. 
  The MIS capacitors were characterized using a Hewlett Packard 4284A LCR meter. 
An initial 500 kHz high-frequency CGV sweep is taken at room temperature in a darkbox 
unilluminated throughout the measurements.  
The capacitors were biased from depletion (0 V) into accumulation (-7 V for p-type or +7 V 
for n-type samples) and immediately back to depletion (0 V). If the initial sweep is did not go 
into  accumulation,  the  voltage  range  was  increased  appropriately  and  a  fresh  device 
measured. The voltage sweep is done with 0.25 V steps, and is swept at approximately 0.5 
V/s. The flatband capacitance and voltage are determined from the accumulation to depletion 
sweep.  
  The  difference  between  the  flatband  voltage  and  the  metal-semiconductor  work 
function difference (typically -2.35 V for 6HP, 0.15 V for 6HN and 0.30 V for 4HN SiC 
doped ~5*10
15 cm
-3) subsequently determines the net oxide charge. 
  The accumulation capacitance was typically around 100 pF, but obviously varied with 
the dielectric constant and thickness of the material. Backside contact was made to the bare 
SiC via a gold-plated vacuum wafer-chuck . 
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  A large (~1cm
2) frontside capacitor was used to make a contact to the substrate in 
parallel with contact to the back of the wafer, which was found to minimize any effects from 
epitaxial layer nonuniformities or series resistance. 
  The C-V curves for the 6H p-type and 4H n-type samples are shown in fig.1. 
•  The n-type Si3N4- capacitors have an accumulation capacitance of about 170 pF while 
the p-type have less than 40  pF, seen at -3.5 V. The p-type samples have significant 
AC conductance, which prevents the capacitance from being  properly measured.  
The original measurement of the Si3N4 p-type samples was swept to -7 V ,but the 
conductance   was so high the measurement became meaningless above -3.5 V. The sweep 
was repeated to -3.5 V and back on a   fresh  device.  No  net  oxide  charge  could  be 
determined from this sample. 
•  The AC conductance may be related to dc leakage ,but was lower than could be detected 
via dc measurements (500pA). 
2.) Large hysteresis is seen on many samples, and is more pronounced on the n-type 
samples. This hysteresis is   undesirable,  and  we  believe  it  results  from  interface  states. 
Similar hysteresis is seen on Si MOS capacitors that have   been annealed in forming gas.     
  3.) Varying slopes. The slope of the C-V curves will be affected by the doping of the 
SiC epitaxial layer and the   interface  state  density.  The  doping  of  the  SiC  layers  was  5-
8*10
15 cm
-3, which would produce no more than a 20% difference in the ӘC/ӘV slopes. 
  4)The  differences  in  the  C-V  slope  result  from  the  various  interface  state 
densities.Differing  accumulation  capacitances.  There  are  several  samples  where  the 
accumulation capacitance appears to be   different  on  the  p-type  than  for  the  n-type 
samples.  This  is  partially  due  to  differences  in  the  thickness  of  the  insulator  (5-10% 
variation). 
•  Differences larger than this result from the C-V stretch-out created by the interface state 
densities, which makes it difficult to reach true accumulation, as evidenced by the C-V 
curves not fully flattening in accumulation. The exception is the SOA oxides separately, 
resulting in a 66-nm oxide on the 6H p-type and a 49-nm oxide on the 4H n-type sample. 
•  Large flat-band voltage variations. The large flat-band variations can be quantified into an 
effective,  or  net  oxide  charge.  It  is  important  to  remember  that  for  wide  bandgap 
semiconductors, such as SiC, the calculated net oxide charge   density  includes 
contributions from mobile ions, interface states and border traps. 
3. Although several insulators are deposited, and one might expect the bulk oxide charge to be 
identical  between the different  substrates, the net  oxide charge is  dominated by interface 
states, which are affected by the semiconductor/insulator interface and will vary with crystal 
structure and dopant type. Much of the large flat-band variation is due to differences of more 
than two orders of magnitude in interface state densities. 
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Fig.1. Capacitance versus voltage curves. (a) 6H p-type capacitors. The voltage was swept from 0 V 
negatively and back.(b) 4H n-type capacitors. The voltage was swept from 0 V positively and back. 
The hysteresis is always negative for negative  bias (p-type) and positive for positive bias (n-type). 
      The conductance technique [13]-[15] was used at 250
0C to measure the interface state 
density. The high temperature of the measurement was necessary to activate the interface 
states that reside deep in the 3 eV wide SiC bandgap. 
   Conductance-capacitance-frequency  sweeps  were  taken  with  a  Hewlett  Packard 
4284A  LCR  meter  at  250
0C,and  the  G-p-/ω  -  data  was  fit  to  theoretical  curves.Fig.2. 
demonstrates  the  conductance  technique  measured  on  a  p-type  6H-SiC    MOS  capacitor 
thermally  oxidized  at  1100
0C  in  a  dry  ambient  follow6H-SiC    MOS  capacitor  thermally 
oxidized  at  1100
0C  in  a  dry  ambient  followed  by  a  950
0C  wet  re-oxidation  anneal.(This 
oxidation has been repeated on six different wafers, all of which had minimum interface state 
densities between 2 and 5*10
10 cm
-2 eV
-1.) 
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ALL PROGRAMMABLE SOC DEVICES 
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Abstract: Xilinx launched the new Zynq-7100 All Programmable SoC devices. The Zynq-7100 features an ARM 
processor and the industry’s highest performance digital signal processing (DSP).   The device sets a new 
industry  benchmark  with  greater  than  twice  the  signal  processing  capability  of  the  most  advanced  All 
Programmable SoC available to date. The new member of the Zynq-7000 family is ideal for next-generation 
smart wireless, broadcast, medical and military applications 
 
Keywords: wireless, semiconductor 
 
 
 
1.  INTRODUCTION IN LATTICE SEMICONDUCTOR ,TINY ICE40 LP384 FPG 
 
  A  Lattice  Semiconductor  announced  the  iCE40  LP384  FPGA.  It  is  the  smallest 
member of the iCE40 family of ultra-low density FPGAs.  
  The  iCE40  LP384  FPGA  architecture  is  ideal  for  capturing  and  processing  large 
amounts of data at hardware speeds while using very little power and board space.  
  The iCE40 LP384 FPGA devices are available in sample quantities. Present packaging 
options include 32-pin QFNs (5.0 mm x 5.0 mm), 36-ball ucBGAs (2.5 mm x 2.5 mm), and 
49-pin ucBGAs (3.0 mm x 3.0 mm). 
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 2. XILINX SMART IP  CORE IP TARGET ASIC AND ASSP GAPS 
 
  Xilinx has been acquiring and developing a SmartCORE IP portfolio and a critical 
mass of application specialists and services that leverage Xilinx’s All Programmable FPGAs, 
SoCs, and 3D Ics. 
   The company’s goal is to fill in the growing gaps in ASIC and ASSP offerings for 
next-generation smarter networks and data centers. 
  Xilinx has been acquiring and developing a SmartCORE IP portfolio and a critical 
mass of application specialists and services that leverage Xilinx’s All Programmable FPGAs, 
SoCs, and 3D ICs.  
  The company’s goal is to fill in the growing gaps in ASIC and ASSP offerings for 
next-generation smarter networks and data centers. 
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2.ALTERA FLEXIBILIS DEVELOP HSR AND PRP 
 
 
3. ANALOG DEVICE AD 9250  FMC-250 EBZ KIT  PROTOTYPING  
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  Analog Devices introduced the AD9250-FMC-250EBZ kit for FPGA development. 
The  FPGA  mezzanine  cards  (FMC)  features  JEDEC  JESD204B  SerDes  (serializer/de-
serializer)  technology.  The  AD9250-FMC-250EBZ  kit  helps  digital  and  analog  designers 
simplify  and  rapidly  prototype  high-speed  JESD204B  A/D  converter-to-FPGA  platforms. 
AD9250-FMC-250EBZ will be available on April 9, 2013. It is priced at $565. 
 
4. XILINS UNVEILS 1024QAM  MICROWAVE MODEM IP 
 
 
 
  Xilinx  introduced  their  Gigabit  class  1024QAM  point-to-point  (PtP)  microwave 
modem IP for backhaul applications.  
  The  1024QAM  modem  intellectual  property  enables  OEMs  to  develop  generation 
ahead backhaul platforms with exceptional bandwidth capacity, low latency and low power. 
   The 1024QAM microwave modem IP core is available now for select customers. 
General availability is expected by May 2013. 
 
5.  REFLEX  CES  FPP  25    PROTOTYPING  PLATFORM  FEATURES  XILINX 
VIRTEX-7 2000T 
 
  Reflex CES’ FPP25 FPGA prototyping platform is based on three high-density Xilinx 
Virtex-7 2000T FPGA devices and Wasga FPGA partitioning software from FLEXRAS.  
  The  fast  ASIC/SOC  prototyping  platform  features  automatic  partitioning  for 
emulating designs of up to 25-million ASIC gates using a stand-alone system. 
   It  helps  design  engineers  speed  up  validation  and  verification  of  complex,  high-
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6. XILINX DEBUTS ARTIX -7 AC701 KIT EVALUATION  
 
  Xilinx recently released the Artix-7 FPGA AC701 Evaluation Kit. It features an All 
Programmable Artix-7 200T device. The Artix-7 FPGA AC701 Evaluation Kit is ideal for 
developing high-performance systems that target applications requiring both low cost and low 
power. It includes tools, IP and reference designs to help designers. The new evaluation kit is 
priced at $1,295. 
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7. ALPHA DATA ADM-VPX3-/V2 CARD FEATURES XILINX VIRTEX 
 
 
  Alpha Data introduced the ADM-VPX3-7V2 FPG 
  A card. The 3U OpenVPX module is reconfigurable and based on the Xilinx Virtex-7 
FPGA.  The ADM-VPX3-7V2 enables engineers to quickly design new applications using 
off-the-shelf hardware and deploy on the same hardware with full ruggedized support.  
  The board ships with a Software Development Kit (SDK), which includes example 
designs and software drivers.  
  The  ADM-VPX3-7V2  board  is  also  available  in  a  cost  reduced  form  without  a 
separate Bridge FPGA for high-volume production orders. 
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Abstract: In this paper is presented the way  we can use the thermovision in detecting of the degradation 
processes  of  the  mobile  mechanical  systems.  It  is  also  presented  a  method  for  establishing  of  the 
profitableness in using thermovision to identify priority  applications of this technology. 
 
Keywords:  thermovision, temperature monitoring, reliability 
 
 
1.ALTERATION OF THE THERMAL REGIME AND MALFUNCTIONS OF THE 
MECHANICAL SYSTEMS 
In mechanical systems the energy is stocked as plastic deforming energy or heat. The 
motion of the mechanical systems with more degrees of mobility, can be studied by using 
Lagrange equations. It’s written the Lagrange equation for each degree of mobility:  
; k
k k
Q
q
V
k
D
q
E
k
E
dt
d
q q







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
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
 






         (1) 
where: 
E - kinetic energy; 
] , 1 [ n k  - where n is the number of degrees of mobility (number of driving elements); 
k q - generalized coordinate  k; 
D - dissipation function of the system’s energy, through friction to heat, wear or through 
plastic deformation or breaking etc.; 
V - total potential energy (includes also the energy given by the forces of plastic deformation 
and of weight); 
k Q -generalized force applied to coordinate k 
It results a system with n differential equations of order 2.     
Transformation of the input mechanical energy in the mechanical system to kinetic or 
potential energy is reversible, but the dissipation of the system’s energy through friction to 
heat, wear or through plastic deformation or breaking, is irreversible.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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In case of the real loads, the effect of overloads interacts with the current loads;  
malfunction, degradation D, can be express by the following relation [2,5]: 
                                                             1 D D D D int a r sup         (2) 
where:  
Dsupr – degradation caused by overloads; 
Ds – degradation caused by loads with lower amplitude;  
Dsupr – degradation caused by the effect of the order of loads application, those with lower 
amplitude follow after the overloads. 
Relative to the transformation of the input energy in the mechanical system to deformation 
energy, through oligocyclic fatigue, the breaking energy Wf, can be established [1, 5 ] 
with the relation: 
                                                                     i i f W n W ,                                              (3) 
where: 
ni – application cycles; 
Wi – deformation energy, that represents the hysteresis loop of the i cycle. 
Relative to the transformation of the input energy to heat, the alteration of the thermal 
regime is considered as a negative effect, very important of wear.  The wear processes, 
that cause the alteration of the thermal regime, are:     
a) Grip – consists in establishing and breaking of the micro-weldings (welding bridges) 
between the contact micro-surfaces, therefore the mechanical energy is transforming to  thermal 
energy and the thermal regime is quite a little modified; 
  b) Abrasion – consists in wear caused by the hard particles existing between the contact 
surfaces or by the roughnesses of  one of the contact surfaces; the deforming process that appears 
caused the alterantion of the thermal regime; 
  c) Surface’s fatigue -  consists in wear caused by the dynamic stresses of the surfaces in 
contact of  ball bearing with sliding; it is encouraged the appearance of the rachetting process, a 
onedirectional process of cumulation of the deformations due to the mechanical stresses; this 
process  appears  in  case  of  association  of materials  with  big  friction  coefficient;  continuous 
cumulation until reaching of a critical value ʵc, then the ductile properties of the material are 
exhausted  and  the  crack  is  initialized.  Establishing  of  the  number  of  cycles  necessary  for 
degradation  is  made  based  on  the  oligocyclic  fatigue  mechanism  [5].  In  case  of  lubricated 
contacts, the lubricant enters in the cracks obtained due to fatigue of the surfaces in contact of 
ball bearing with sliding, is powerful pressed there and therefore the cracks are developed and 
they can join together in a bigger crack. These holes cause noise, dynamic loads and worsen the 
lubrication, causing alteration of the thermal regime. 
  d) Gripping – appears when the layers of lubricant have disappeared and it is now a 
direct contact between the layers in relative motion, under big loads. Due to these causes, 
appear micro-weldings between the surfaces that are sliding, of the flanks in contact, and   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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increase of the temperature, and then, because of the motion of gears, the micro-weldings 
break and appear again micro-weldings; This repeated process leads to the damage of the 
active surfaces, the thermal regime is very much modified and, finally, the joint is blocked 
because of the weldings that cannot be broken due to motion. If there are used for gears 
lubrication oils with inappropriate additives, the wear is increasing because of the corrosion 
caused by the chemical reactions, destructives, between additives and the gears materials. The 
most sensitive transmissions to gripping are those where the sliding between flanks are great: 
transmission  screw  worm  –  worm  wheel,  transmission  with  helical  gears.  For  the 
transmissions with bevel and cylindrical gears gripping appears only at high speeds and for 
very big loads.    
  e) The fretting fatigue (fretting-wear) is defined as an oscilating motion of low amplitude 
between the surfaces in contact, in the range 2 – 50 μm, for metallic or non- metallic materials. 
This type of degradation is actually considered one of the most dangerous type of damage. The 
effect  is  the  appearance  of  the  surface  pinches  (pitting),  craters,  surface  cracks,  scratches, 
substrate cracks,  material transfer, plastic deformations  [3, 5]. Therefore, in this case also is 
caused the alteration of the thermal regime. 
e) Tribochemical reaction – consists in achieving of some products of chemical reaction, 
because of the chemical interractions between the elements of a tribological system, due 
to a tribological action; any chemical reaction is neither endotherm nor exotherm and 
therefore modifies the thermal regime [7]. 
The environment can be a very powerful stress factor for damaging of the mechanical 
systems. Solar radiation and the environment temperature are between the main stress 
factors,  that  determine  the  importance  of  monitoring  the  environment  temperature,  to 
undertake preventive actions.  
  Heating of the kinematic elements involves the alteration of the resistance and thermal 
deformations,  that  generate  alterations  in  pressure  distribution  in  the  kinematic  joints, 
tribological, as well as plastic deformations,  appearance and developing of malfunctions. 
 
2.MEASURING SYSTEMS OF THE USEFUL TEMPERATURE IN MONITORING 
OF THE FAILURE PROCESSES OF THE MECHANICAL SYSTEMS  
 
Thermovision [8] is a technique that, by using a camera / scanner, displays o map of the 
radiation intensity, in a field of the electromagnetic spectrum; it is used especially in the 
military  applications  or  in  civilian  supervision.    With  the  support  of  the  thermographics 
cameras, can be detected kinematic problems of the kinematic joints, tribological (bearings, 
plain  bearings),  as  well  as  for  the  active  kinematic  joints  (thermal  electrical  engines, 
hydraulical or pneumatical).  
Any body with temperature higher than 0
o Kelvin issues electromagnetic infrared radiation. 
The intensity of this radiation is varying depending on the object’s temperature and his capacity 
to issue energy. For thermovision (thermography) is interesting only the field between 0,8µm  
and 15µm 2 – 3 subdomains The producers  distinguish 2 or 3 subdomains: 
 - Short waves (SW - ShortWaves) or Near Infrared (NIR – NearInfrared) 0,8 ... 1,5µm      
 - Medium waves (MW - MidWaves)  2 ... 5µm 
 - Long waves (LW – LongWaves)  7 ... 15µm   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Transmission depends on the distance between the scanned object and the infrared camera 
and the carbon dioxide and water vapors from the atmosphere , environment.   
An infrared thermal camera, converts the infrared radiation, invisible for the eye, into 
visible image, through the detector of type sensors area (FPA), thermoelectrical cooled. The 
optical system have to ensure a very good transmition of the radiation, is achieved by a system of 
lenses, made by germanium or silicon.  
The solution adopted by the „Low Cost manufacturers‖ is a small lens. As regards the 
energy captured by the infrared camera, only 20 % is from the scanned object and the rest from 
the internal elements of the camera or from other objects from the environment, reflections etc. A 
professional equipment establishes and eliminates a part from this „parasite‖radiation; a variation 
of 1°C on the surface of the measured object is translated into a variation of  0,001°C at the 
detector level.  
Measuring of the real temperature requires  compensation of the apparent temperature 
through adjustment by the operator, issuing, reflected temperature, factors of atmospherical 
influence etc;  the uncorrect adjustment can lead to errors in measuring, greater than 100%, as 
well as measuring of temperature by using thermometers without contact (pirometres). 
 
3.CONCLUSIONS 
 
  Thermography allows to obtain centralized information concerning alteration of the 
thermal regime of the kinematic elements, kinematic joints, tribological, so it can be 
efficiently applied the useful error theory [6], to increase precision in estimating of the 
reliability parameters, in a better prediction for the safety of the mechanical systems.  
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Abstract: In this paper are presented first the theoretical ground for metal fatigue and then analysis 
steps to be taken in order to establishing the residual lifetime of a lifting crane by  non-destructive 
methods, while observing all the current regulations. 
 
Keywords: methodology, lifetime, lifting installation, non-destructive methods. 
 
1. INTRODUCTION 
   
Metal  fatigue  is  a  process  that  produces  premature  breakage  or  damage  of  parts 
subjected to repeated loads. 
As defined in ASTM E 1150-93 [1], fatigue is "the process of structural permanent 
change, localized and gradual, occurring in a material subjected to conditions that produce 
fluctuating stresses and deformations specific to one or more points, which may culminate in 
cracks or complete break after a sufficient number of fluctuations ". 
For loads with  tensions  above the fatigue, but  remaining in  the elastic domain, is 
calculated limited sustainability, i.e. calculate the number of cycles to failure. In this way, one 
can  develop  analytical  methods  to  quantify  fatigue  damage  for  structures  to  withstand 
repeated dynamic loads [2]. 
Two  phases  are  crucial  for  determining  the  remaining  duration  of  life  on  some 
machines operating in dynamic mode [3]: 
a. Technical inspection phases: visual inspection, non-destructive control (PL, US) 
b. Expertise phases: static and dynamic calculations, and remaining duration of life. 
After expiry of the normalized lifetime of lifting equipment (overhead cranes, cranes, 
etc.). arises determination of residual functioning so that under normal safety to function at a 
normal operating capacity or diminished but not more than 15-20%. 
 
 
2. TECHNICAL INSPECTION/EXAMINATION 
 
Necessity  and  opportunity  of  this  procedure  is  in  accordance  with  HG 
2139/30.11.2004,  regarding  the  classification  and  the  useful  life  of  equipment  and  in 
accordance with L64/21.03.2008 regarding the safe operation of pressure vessels, installations 
and high fuel consuming equipment. 
For  balance  equipment  the  investigation  is  made  in  accordance  with  directives  " 
Bergverordnung des Landesoberbergamtes" Land of Nordrheim - Westphalia for lignite mines 
(BVR Br.), version of 20.11.1981, for conducting annual investigations of complex machines 
for surface mining, but the methodology is the same with respect to the reference of specific 
base structures.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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For exemplification is considered the investigation of a high gantry crane, MPT 20/5 – 
20/4/4 m, with the following characteristics: 
MPT - gantry crane type 
20/5 - hook load: main mechanism rated load = 20 t; rated load auxiliary mechanism = 5 t 
4 + 4 m - two brackets (C1 + C2) 
- gauge (bridge crane) = 20 m 
- wheelbase (bridge crane) = 9 m 
- opening bracket = 4 + 4 m 
- main lift height mechanism = 8 m 
- auxiliary lift height mechanism = 8.75 m 
- speed of the crane (bridge) = 31.5 m/h 
- the trolley speed = 25 m / min. 
The  crane  has  an  effective  workduration  of  19  years  and  it’s  wanted  to  establish 
remaining duration of life in full security and working conditions. 
 
Figure 1. MPT 20/5 gantry crane 
 
Investigation works / technical examinations will be held as follows: 
 
Table 1. Steps for investigation/technical examination 
A. Equipment inspection - which 
consists of a visual inspection of 
the entire load bearing structure, 
on parts, fig. A1,2,3,4, visual 
inspection (VT), according to SR 
EN 970, check load cables - 
according to SR ISO 4309. 
A.1   A.2     Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
170 
A.3.  A.4.   
B. Static / dynamic analysis by 
FEM of strong stressed areas [4], 
and determining areas for non-
destructive testing (PL, US), 
where: 
2.1 Establishing input 
parameters: 
B.1. - calculation model (fig.) 
B.2. - forces acting on the 
structure (fig.) 
2.2 Analysis of results 
B.3. - The most stressed zone, 
the central one (fig.) 
B.4. - the most stressed zone 
between the crane foot and 
clamping beam; the correlation 
between the calculation model 
and the real cracks (fig.) 
 
B.1.   B.2.  
 
B.3.  B.4.  
C. Non-destructive investigation 
/examination  of  previously 
established areas, fig. C.1. - US 
control  of  welding  of  main 
carriage taxiways, fig. C.2. - PL 
control  of  the  main  beam 
welding area/ running trolley  C.1.  C.2.   
D.  Calculation  to  estimate  the 
remaining  duration  of  life  [5], 
[6] 
Loads  used  to  verify  the  fatigue  may  be  determined 
according to  EN 13001, SR CENT_TS  13001-3-1, SR 
EN 13001-2 + A3, EN 1993-1-9-2006 (see paragraph 3). 
E. Technical Report writing. 
Conclusions. 
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3. METHODS FOR FATIGUE CALCULATION 
 
There  are  currently  three  different  methodologies  for  calculating  fatigue,  which 
correspond to three "theories" distinct approach [7], [8]. 
 
a. Method ζ - N 
Method based on stress analysis is used to calculate the unlimited durability. Primary 
experimental data are presented as diagrams of sustainability in coordinates "maximum stress 
- number of cycles to failure" (Wöhler curve). Failure is defined by the total separation of the 
two parts of the specimen tested.   
b. Method ε − N 
The method is based on the analysis of specific strains used for calculating the limited 
durability. It is applicable to the parts without initial cracks,  stressed under elastic-plastic 
regime, usually made of forged steel or materials without defects. Primary experimental data 
are in the form of charts of little sustainability in coordinates "cyclic strain - number of cycles 
to failure" (Coffin-Manson curve), caused by constant amplitude tests on specimens axially 
tested. Failure is defined differently by the appearance of visible cracks, by sudden variations 
in the load or dynamic stiffness of the specimen, which define what is considered to be the 
period of "initiation" of fatigue cracks. 
c. Fault Tolerance Method 
The method is based on the analysis of crack propagation for parts with initial cracks 
(usually  welded  or  riveted  structures).  In  this  case,  the  stress  singularity  at  the  crack  tip 
requires the use of fracture mechanics sizes. 
Primary  experimental  data  are  in  the  form  of  charts  "crack  propagation  speed  - 
variation of intensity of stress" drawn in logarithmic coordinates. Method permits calculating 
of length of a crack extending from an original size, detected by non-destructive methods, to a 
final  dimension,  comprising  a  safety  factor  to  a  critical  value.  Method  involves  regular 
inspection and acceptance of the existence of the initial crack. In practice, the application of 
variable amplitude solicitation decomposes into blocks of solicitation, repeated over time, 
each  block  consisting  of  several  groups  of  constant  amplitude  stress.  In  Figure  2.  is 
considered a block composed of 3 groups of sinusoidal stress of different levels (amplitudes). 
 
 
Figure 2. Block of solicitation   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
172 
If  i n  is  the number of cycles for wich correspond the Ni durability, then each group of 
stress produce the damage  i i i D n N  , and the damage caused by the three groups of distinct 
sinusoidal block  is: 
1 1 2 2 3 3 ( ) 1 ii D n N n N n N n N              (1) 
 
3. CONCLUSIONS 
 
  By following the steps described in this paper (table 1), based on metal fatigue theory 
and practice, one can perform a full study of an equipment (here the lifting crane MPT 20/5). 
Therefore, following this methodology it can be done the estimation of remaining of duration 
of life of studied equipment. 
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Abstract: In this  paper is presented step-by-step the calculus made in order to establishing the residual 
lifetime of a lifting crane using also non-destructive methods to establish the actual state of machine and 
areas subject to study, conducting to an extension up to 5 times of residual lifetime,but at 2/3 from initial 
load.  
 
Keywords: methodology, lifetime, lifting installation, non-destructive methods. 
 
1. INTRODUCTION 
   
For  exemplification  of  this  methodology  is  considered  the  investigation  of  a  high 
gantry crane, MPT 20/5 – 20/4/4 m, presented in previous paper. The crane has an effective 
workduration  of  19  years  and  it’s  wanted  to  establish  remaining  duration  of  life  in  full 
security and working conditions. 
 
Figure 1. MPT 20/5 gantry crane 
 
 
2. FATIGUE CALCULATION FOR GANTRY CRANE MPT 20/5 
 
As  presented  in  the  first  part  of  the  paper,  the  calculation  methodology  for  the 
estimation of residual life of equipment includes the following steps: 
A. The initial data for calculating [1]; 
B. The mean work time during a work environment [2]; 
C. Establishing stressed welded detail; 
D.  Calculation  of  the  number  of  variable  amplitude  cycles.  Primary  estimation  of 
remaining life at baseline workloads; 
E. Recalculation of estimate residual life length of the machine, for a lowered load.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fatigue loads for checking metal construction shall be such as to take into account 
both the operating conditions of the machine, as the sharing of high variation of lifted weight 
and the effects of load on the details of notch position checked. 
Loads used to verify the fatigue loading may be determined according to: 
EN 13001, SR CEN / TS 13001/2005, EN 13001/2009, EN 1993. 
For  normal  operation  of  the  machine,  loads  used  to  check  the  fatigue  can  be 
determined in the form of the fatigue damage equivalent loads, Qe. They can be considered as 
constant for all positions of the equipment when determining the fatigue load effects. 
 
A. The initial data for calculating 
A.1. Technical characteristics of lifting crane 
A.2. Crane working groups, according to project 
A.3. Geometrical parameters, load calculation, notations 
A.4. Working time 
According to the ISCIR operating book and the machine's history operation is established 
lifetime DISCIR time [years] = 19 years 
A.5. Calculation of moment of inertia and critical section area (machine beam ), Figure 2 
- Area = 4.66e+004 [mm
2] 
- Principal moments of inertia [mm
4]         Ix = 5.77e+009,  Iy = 1.25e+010    (1) 
 
   
Figure 2. Critical section area 
A.6. Main beam load 
The loads considered for machine are: 
- Loading trolley lifting / lowering ----------- QCRC = 79.3 KN 
- Load of rated task ----------------------------- Qnom = 200 KN 
- Load of control cabin  ------------------------ Qcmd = 12.6 KN 
- Load main beam (own)   --------------------- QGP = 160 KN 
A.6.1.  Calculation  of  dynamic  coefficient  with  impact  on  lifting  equipment-  are 
selected in accordance with EN 1991/2007 
A.6.2. Total computation load that acts on base structure, QTOT [KN]   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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QTOT = 432.114 KN                (2) 
A.7. Maximum bending moment 
Maximum bending moment is at the middle of the beam 
y = 697.3 mm                 (3) 
Mi.max = 76.606 KN m               (4) 
A.8. Calculation of the maximum stress being put on the welding of steel structure in the peak 
value of the moment 
   
max 2 76,61 /
i
i
y
My
kN mm
I


               (5) 
B. Calculation of the average number of operating cycles [3] 
The average number of machine cycles per year is calculated for 250 working days. 
B1. Mean work times during a medium work road 
B.2. The maximum number of machine cycles in a year (with no breaks between cycles) 
ncmx = 3600/tc = 3.722              (6) 
B.3. Rest time during a cycle and between two consecutive cycles (no moving mechanism, all 
mechanisms while at rest) 
B.4. Exchange I, q1; Exchange II, q2 
B.5. Daily average number of machine cycles, nz 
B.6. Average number per year of machine cycles, considering the number of working days to 
be 250 days. 
    nyear = 1.37 x10
4                (7) 
B.7. Establishing the maximum number of cycles in total operating time 
It will be determined the number of cycles in operation during the work, according to the 
ISCIR Book and operating history of the equipment. 
    n1984-1992= 8 x nyear= 73510.780 
    n1992-1995 = 3 x nyear= 27566.543 
    ....... 
    n2010-2011 =1 x nyear= 9188.848             (8) 
Is established the maximum number of cycles in total operating time and operating group in 
accordance with SR EN 4301-1. 
nmax_ISCIR= nyear x DISCIR  = 1.746 x10
5 cycles, results operating group U3   (9) 
 
C. Establishing stressed welded detail 
C.1. It’s established detail category according to SR CEN/TS 13001/2005 [4] 
It’s established detail category c (N/mm
2) of the weld joint shape, with the potential cracks 
between the basics elements  and welding material,  the most heavily  stressed elements  of 
machine during work cycles, category which is chosen according to SR CEN/TS 13001/2005. 
For portal crane MPT 20/5, with suspended trolley, the most stressed item is welding joint 
between wall and bottom flange of the caisson beam on which acts running wheel trolley with 
lifting-lowering mechanism, Figure 3.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
176 
 
Figure 3. Welding detail  
Fatigue  curves  are  established  in  accordance  with  SR  EN  1993  and  ENV  1993, 
respectively diagram in Figure 4: 
 
Figure 4. Fatigue curves for normal stresses ranges 
 
C.2. It’s determined values for welding detail no. 14 that under the EV 1993 are: 
  c = 63 N/mm
2 - reference value of the fatigue strength 
  d = 46 N/mm
2 - fatigue limit for the stress at a constant amplitude of a number of 
cycles ND. 
  L =  26 N/mm
2 - tier limit for the areas of tension in NL cycles. 
 
D. Calculation of the number of variable amplitude cycles. Primary estimation of 
remaining life at baseline workloads 
D.1. Estimation of primary residual life    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Using a constant slope m = 3, determined according to EN 1993/2006, the number of 
cycles Ni(Δi) of solicitation of considered welding detail can be calculated according to 
ENV 1993 correlated with SR CEN / TS 13001. 
D.2. Values of variables:  Ff  = 1,0;  Mf  = 1,35 
It’s stated the condition, according to SR EN 1993/2006 (DD ENV 1993/1992) [5]: 
D
Ff i
Mf




                 (10) 
In accordance with SR EN 1993-1-9-2006 (ENV 1993-1-1:1992), it’s calculating the 
number of cycles of solicitation of considered welding detail: 
 
3
D
Mf
ii
Mf D
N




  
       

 
              (11) 
D.3. Number of cycles for welding detail under load forces 
Ni(Δ i) = 4.794 x10
5 cycles of use, at real loads during work.      (12) 
D.4. Dd20 degradation (with index 20 is noted for portal crane of 20 t) on lifetime of work 
under operating history, which occurred in the intervals of work under the influence of Δ˃i 
efforts is given by the ratio: 
Dd20 = Σ (n_number of cycles per period worked/ N_Number of cycles for the considered 
detail under loading), which must be subunitary 
  Dd20 =Σ(n_cycles / N20.to)<1                (13) 
  Dd20 = n1984_1992/N20.to +n1992_1995/N20.to + ...+n2010_2011/N20.to       (14) 
D.5. Time to consume reserve after conducting the nmax_ISCIR  cycles 
Residual length of life remaining for considered detail under the action of normal 
work load and time worked, denoted by TRLF_ISCIR [years] is; 
  TRLF_ISCIR = 1.536 [years]                (15) 
 
E. Recalculation of estimate residual life length of the machine, for a lowered 
load. 
In previous calculations residual life length was set at about 1.5 years for lifting crane, 
approximate running time for the maximum initial parameters. 
It’s  proposed  a  review  of  the  approximate  life  of  lifting  crane,  according  to  HG 
2139/30.10.2004, those set forth in Section A.6.1 and according to SR EN 1991/2007 Annex 
B [6], correlated with SR CEN/TS-13001 / 2005, with a nominal load reduced by about 2/3 of 
the rated load. 
Initial kinematics parameters, dimensional and dynamic calculation coefficients 1, 
2, ... will be retained and considered prior welding detail, for which will be reevaluate the 
remaining time. 
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E.1. Computational load reduced by 2/3 of rated load, Qnom, resulting in a new calculation 
load revalued QRE.i.nom [KN] 
  QRE.i.nom = 2/3 x Qnom= 133.333 KN              (16) 
E.2. Total computational load, calculated acting on base structure, QRE.TOT [KN] 
  QRE.TOT = 419.931 KN                  (17) 
E.3. Maximum bending moment recalculated MREi.max.[KNm] 
  MREi.max. = 2.94x10
3. KNm                (18) 
E.4. Calculation of maximum tension, expressed Δ˃RE.i 
  Δ˃RE.i. = 74.446 N/mm
2                 (19) 
E.5. Establishing the average number of cycles for estimated period 
It is arbitrarily set a work period to determine the no. of cycles for the equipment can 
work  in  new  conditions,  i.e.  with  decreasing  of  nominal  lifting  load.  Following  the 
approximation made for the period of work, result: 
  n.RE.= 55133.085 cycles                 (20) 
E.6. Establishing stressed welding detail 
It’s considered the same welding detail, previously established, local welding tension 
being calculated at MRE.i.max considered. 
E.7. Recalculating the number of cycles for variable amplitude. 
Using a constant slope m = 3, slope determined according to SR EN 1993/2006, the 
number of cycles recalculated NRE.i (i), which loads the considered detail can be calculated 
according to ENV 1993 [7] correlated with SR CEN / TS 13001. 
E.8. Number of load cycles for considered detail, at recalculated moment  
  N.RE.i (i) = 4.794x10
5 cycles              (21) 
E.9. Degradation DRE.d, during working life, according to the operating history, which occurred 
in the intervals of work under the influence of Δ˃i efforts, is given by the ratio: 
  DRE.d.to  =Σ  (n_number  of  cycles  on  revalued  period  /  N_Number  of  cycles  which 
request the considered detail under the loading forces), which must be subunitary 
  DRE.d.to =Σn_cycles / N20.to<1 
  DRE.d.to = 0.115                  (22) 
E.10. Residual duration of life for considered detail - TRLF_RE[years] recomputed, which is the 
approximate residual use of machine on recalculated parameters, where rated load reduced to 
about 2/3 of the nominal to main hook is: 
TRLF_RE =  aprox. 7.696 [years]               (23) 
   
3. CONCLUSIONS 
 
  By following the steps described in previous paper, based on metal fatigue theory and 
practice, one can perform a full study of an equipment (here the lifting crane MPT 20/5). 
Therefore, it is stated that following presented methodology it can be done the estimation of 
remaining duration of life of studied equipment, according to  recommendation of   STAS 
11694-83 [8] and SR EN ISO 13920 [9]. 
Applying all those steps it was established that the studied machine can operate with 
kinematics parameters set initially, but with reduced nominal load of 133 kN, i.e. approx. 13 t, 
and the lifetime of approx. 7.5 years.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Abstract. The paper presents contributions in the designing of some electrochemical technologies 
for the manufacturing of the moulds used in the footwear soles obtaining. There are presented a few 
methods  for  the  moulds  obtaining,  using  electro-deposit    processes.  There  are  presented  the 
technological phases of the obtaining process of the electrolytes and electrodes preparing and the 
technological stages of the moulds manufacturing.    
 
Keywords: footwear, sole, mould, electro-deposing technology 
 
1. INTRODUCTION 
     
The field of the electrochemical technologies includes the technologies used in the 
obtaining of certain working parts of the moulds, under the current action, into the aqueous of 
metallic salts. These technologies may be electro-deposit once or electro-chemical corrosion 
once. Both kinds may be applied in the obtaining and varying of the moulds used in the 
footwear industry.   
     The paper presents solutions for the obtaining of certain working parts of the moulds 
for soles, considering the electro-deposit technologies.   
 
2. EXPOSITION 
   
 The electro-deposit technology is used  in the manufacturing of the moulds for soles, 
in two variants: the electroplating and the electroforming.   
     In this process, it is very important the quantity of metal which is deposed on the 
cathode,  both  in  the  electroplating  case  and  in  the  electroforming  one,  too.  [1,2,3].  This 
quantity is in proportion to the current quantity which passes by the electrolyte and to the 
electrochemical equivalent of the certain material. This statement, which is the sum of the two 
electrolysis laws enunciated by Faraday, allows a quantitative estimation of a certain metal 
deposits,  depending  on  the  current  quantity  which  passes  by  electrolyte.  So,  a  current 
quantity, equal to 1 coulomb (one ampere per second), will release different quantities of 
metal from cathode.    These quantities are adequate to the electric energy unit passes by and 
they are called the electrochemical equivalent of the certain metal. Making a ratio between the 
chemical  equivalent  of  the  metal,  the  molecular  mass/valence  and  the  electrochemical 
equivalent, it will obtain a number which is constant for all metals, the so called Faraday 
number, whose value is 96500 coulombs, more exact, 96487 coulombs. In these conditions, 
the metal quantity which is deposed on the cathode is given by relation (1): 
                                                                    q K m   , [g]                                                        (1)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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where: m-mass of the metal deposed on the cathode, in gram; K-factor of proportionality, 
respective, the electrochemical equivalent of each metal which were electrolyzed; q-electricity 
quantity which passes by the solution, in ampere seconds, which is given by relation (2): 
                                                                    t i q   , [A.s]                                                        (2) 
where: i-amperage, in Ampere; t-time, in second. 
   The electrochemical equivalent, K, may be calculated for each metal, knowing the Faraday 
number and using the relation (3): 
                                                              
96500 

v
M
K                                                           (3) 
where: M-atomic mass of the metal; v-valence of the metal; 96500-Faraday number. 
   The metal deposits by electrolysis are realized during the some currents (which have small 
voltage, 2-6 V, and big amperage) passing through the electrolyte solution. The value of the 
voltage is specific to each metal. The amperage, in Ampere, is variable, but it provides a 
current density which value is about 10 A/dm
2. Knowing the surface on which the electro-
deposits will take place, in dm
2, it will choose the source of direct current [4].  
    The paper presents a method which was used in the obtaining of the certain mould working 
parts, of the certain cavities which, ulterior, were fixed into the proper moulds used in the 
soles manufacturing. 
 
3. EXPERIMENTAL PART 
 
3.1. Preparing of the non-metallic electrodes 
   The  moulds  for  soles,  which  are  obtained  by  electro-deposit,  are  realized  using  the 
electrolysis  equipments.  This  kind  of  equipments  has  an  electrolytic  tank  made  from  a 
material which does not react with electrolyte solutions. Into its interior, there are placed two 
electrodes, between them being a certain distance. The electrodes are connected with a source 
of direct current. The cathode is the electrode which receives the metallic deposits resulted by 
electrolysis. In the case of the electroplating process, the cathode is the metallic object which 
will be covered with a protective layer. In the case of the electroforming process, the cathode 
may be a metallic object but a non-metallic one, too, (its surface is made conductive through a 
metallic layer which has a small thickness). The anode may be a soluble or an inert one. In the 
interior of the tank, there is the electrolyte which is an aqueous of a salt of the metal which 
will be deposed.      Before the realizing of the electro-deposit processes, the preparing of the 
electrodes was necessary. The paper presents the preparing of the non-metallic electrodes, 
only.    The non-metallic electrodes are, usually, bodies which have complex spatial shapes 
and were obtained from non-metallic materials by copying processes as processes of mould of 
certain waxes, resins or thermoplastics plastics on real objects. The obtained moulds are made 
conductive by superficial metallization; when they become good conductors of electricity, 
they  may  be  used  as  cathodes  into  the  ionic  baths.  In  these  conditions,  using  the 
electroforming processes, it can obtain moulds in entire or parts of moulds. The concrete 
technologies know two classes of operations, previous to the electro-deposit operation: the 
operations for the realization of the moulds and the operations for making the moulds to be 
conductive [4,5].   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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a. Moulds Realization 
   Alter they are made conductive, the casts will be used for the metallic electro-deposing, 
which will be a mould or a working part of the mould. The metallic layer obtained by electro-
deposing must be interlinked to the object which was obtained into the mould. Having this 
purpose, starting with a real object, the ways to arrive to the object produced into the mould 
could be the following: 
1. primary model (+)→plastics cast (-)→ plastic electrode (+)→conductive proprieties by 
superficial  metallization  (+)→electro-  deposing  for  the  obtaining  of  the  mould  or  of  the 
mould element (-)→forming of the plastics finished product (+); 
  2. primary model (+)→ covering of the model with a wax film (+)→conductive proprieties 
by superficial metallization (+)→electro-deposing for the obtaining of the mould or of the 
mould element (-)→forming of the plastics finished product (+).  
   In  both  situations,  ―(+)‖  means  the  primary  model  and  the  finished  product  and  some 
intermediate  stages  which  have  identical  forms  with  these,  too,  and  ―(-)‖  means  the 
interlinked forms. Interlinked form means the shape which was obtained by casting or by 
electro-deposing on a primary model or on an object identical with this. 
   The first way is longer because it needs intermediate operations. In the same time, it allows 
the realization of more identical electrodes; this situation provides a continuity of the moulds 
obtaining activities, without the remaking of the primary model, every time. The second way, 
the shorter and simpler one, is used in the prototypes case, especially in all activities which 
prepare the new collections of products.  
   From now on, the paper will present, in shortly, the two ways in the realization of the 
moulds used in the obtaining of certain polyurethanes rubber soles [4,5]. 
   For the casts obtaining it is necessary, in the beginning, the realization of the primary model 
of the sole, the shape of sole, which it will be obtained into the mould. The primary model 
will  be  made  by  wood,  using  a  mechanical  or  manual  shaping  process,  for  the  medium 
number of size. The entire series of sizes will be obtained by multiplication using a machine 
for the shoe-lasts copying. The primary model of the sole will not include the sole model, in 
the beginning. So, its dimensions will be decreased respectively to the size of the non-skid 
relief. These primary models, made from wood, will be completed, using various procedures, 
with the model of the non-skid relief, for example, the covering with textures, meshes, natural 
or artificial leathers, the confectioning by hands of some models, etc. The primary models of 
the soles are represented in figure 1. 
   For the cast obtaining, the following steps must take place: The primary model of the sole 
completed with model of the future sole (+) will be fixed on a wood or burnt plaster base; the 
assembly will be fixed into a drain box; on the entire surface of the primary model and of the 
base will be sprayed an anti-adhesive lacquer and then, it will cast the mixture used for the 
cast forming, (-). All these operations are showed in figure 2. 
     For the casts obtaining, it may use easy forming materials and which may copy all surface 
details of the covered primary model. So, it can use silicone rubber, unsaturated polyester 
resins, epoxy resins, burnt plaster.Figure 3 represent a cast made from burnt plaster.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 1.Primary model of the soles                                            Figure 2. Cast obtaining 
 
  Figure 3. Burnt plaster cast 
 
   When the mould is obtained using the second way, it will not use the intermediate model. 
So, the primary model of the sole will not be fixed on a wood base but on a burnt plaster one.  
   Preparing a mixture of three parts of water and one part of burnt plaster, it will be obtained a 
fluid pulp which can easy take the shape of the drain box and of the object whose shape is the 
cast one. 
     For the resistance increase, the burnt plaster casts may be reinforced with glass fibers, 
asbestos  fibers,,  textile  fibers,,  etc.  In  this  way,  the  burnt  plaster  casts  may  be  used  in 
repetitive casting of the electrodes. From this point, the obtaining process of the mould takes 
place as in the first method case.  
b. Realization of The Waxes or Plastics Electrodes 
   The object which is identical to the covered primary model and will be used as electrode, 
will be obtain [4,5] into casts, manufactured as paragraph ―a‖ shows. Following this aspect, 
into  these  casts,  it  may  be  cast  waxes,  acrylic  resins,  polyamide  resins,  epoxy  resins, 
polystyrene, etc.    The waxes are the easiest material to be used; it binds and coalesces easily 
and, in a melting state, it takes easily the shape of the object which covers by casting.  To 
reproduce exactly every detail of the cast, before the casting, the waxes will be heated at 50-
60
0C.  The  wax  is  a  mixture  which  may  or  may  not  contain  graphite  for  conductibility 
proprieties.      The  acrylic  resins  are  obtained  by  entire  polymerization  of  the  methyl 
methacrylate.  Following  this  aspect,  the  monomer  will  be  blended  together  with  5-15% 
plasticizer and with 1-3% dibenzoyl peroxide (lucidol), as initiating agent, 30-60 minutes. In 
this way, it avoids the air checks generation before the casting into the silicone rubber cast.  
To avoid the adherence of the polymer to the silicone rubber cast, it will spray a solution of 
paraffin into benzene. Knowing that the polymerization process introduces constrictions, the 
casting may be made in steps, for the shapes which have bigger thickness. After the casting, 
for the polymerization, the shapes may be heated in steps, until 125 
0C. The thermal condition 
is pointed when the monomer and the initiating agent are delivered. The so obtained product 
is firm and it may be corrected by ulterior machine works. 
The polyester resins are used for the non-metallic electrodes obtaining by using a casting 
technology which is similar to the technology of the acrylic resins casting. 
   The epoxy resins are used in a fluid state, completed with active filler, such as different 
amines and other substances and with some fill masses. The so obtained products have a high 
mechanical resistance.     Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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   The thermoplastic polyamides are used for the non-metallic electrodes obtaining, too. They 
are obtained by casting, in a melting state, into a cast which was heated over 80
0C, to realize 
the copying of all details of the cast.  
   The polystyrene may be used for the electrodes obtaining, too. In this case, it will use shock-
absorbent  polystyrene  foils  which  have  0,8-1,5  mm  thickness  and  which  are  obtained  in 
vacuum, after a previous heating with a infrared source. The using of the vacuum forming 
process is applied when the primary model does not have very fine surface details. 
  
 
         a.Wax electrodes                      b. Metallic chill, sole               c. Sole obtaining in metallic chill 
Figure 4. Technological phases 
 
The technology of the non-metallic electrode obtaining, consists in the following operations: 
the fixing of the cast, obtained as paragraph ―a‖ showed, into the drain box; the greasing of 
the cast, using a petrolatum; the casting of the one of the anterior presented mixture. Figure 4a 
represents  electrodes which was obtained using wax as a material. 
c. Obtaining of The Conductive Electrodes 
   Excepting the wax electrodes, which content graphite, the rest of the electrodes are not 
electric conductive. Wanting their using as conductors, their surface must be covered with a 
metallic film. This operation may be realized using one of the following two methods.  
   The first method in the obtaining of the conductive electrodes is based on the realization of 
a mixture between phenol formic aldehyde, soluble in alcohol, blended together with a copper 
colloidal powder and its layers, in a thin film, on the surface of the electrode. This film is 
applied, with good results, on the surfaces of the wax electrodes which do not contain graphite 
in  their  mixture.  The  presence  of  the  alcohol  into  the  solution,  allows  the  superficial 
solubilization of the wax and the anchorage of copper powder. This method has a version 
which consists of the spraying a slurry of powder of copper, silver or graphite in polymers 
diluated solution.   
   In the other kind of electrodes case, but in the case of those made from wax, too, it may 
apply a special method of conductive proprieties obtaining, which consists of the reduction of 
some copper, silver, nickel, cobalt salts at the metal state.  
   Before the covering, in some cases, it is necessary to excite the surface of the polymer. So, 
the objects made from polystyrene or some other polymers, which are used as electrodes, are 
degreased with organic solvents and then, they are kept 3-5 minutes into a solution NaOH 
10% at 50-60
0C. After the washing with water, the object will be introduced into a stannous 
chloride and hydrochloric acid solution (10g SnCl2+40 cm
3HCl per liter) and will be kept 3-4 
minutes at 25
0C. The tin will be reduced and so, it fixes on the surface of the object. After the 
washing with water, the process goes on by treating the part with a silver ammonia solution, 
10g/l AgNO3 and 50 ml/l NH3. 
   The object coating will be made by its immersion into a solution or by its spraying. In the 
coating with copper deposition it may be used different solutions versions [4,5], consisting of   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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a copper soluble salt, complexing salts and reduction agents. In all the cases, the solutions 
have a strong basic pH, (12). The reduction agent, the formic aldehyde, will be added into the 
solution, with a few minutes before the using. In the spray coating case there are used two 
kinds of solutions [4,5] which are sprayed, in the same time, on the surface of the object, 
using a pistol for each of them. 
 
3.2. Obtaining of the metallic chills 
   The deposition of the metallic layers on the conductive non-metallic electrodes will realize 
by electroforming. Using this kind of galvanic deposition, it will obtain metallic chills whose 
thickness  is  5-6  mm,  with  a  certain  mechanical  resistance  and  which  can  be  ulterior 
incorporated into the proper mould.  
These chills are the cavities of the future moulds.  For the metallic chills obtaining [4,5], the 
coated non-metallic electrode is placed into electrolysis installation, in a cathode position.  
     The metal deposing will be made by anode solubilization or, when anode is non-soluble, 
by reducing of a certain salt of electrolyte solution which contains the metallic ion. The metal 
deposing will be made slowly, sometimes over 72 hours. It depends on the concentration of 
the  metallic  ions  into  the  solution,  on  the  current  density  and  on  the  presence  of  some 
epilamens. At the beginning the current density has a small value 1-2 A/dm
2, and then, it will 
be raised to 10 A/dm
2. So, the surface of the electrode will be uniformly, by metallic deposits 
which will complete the discontinuances of the coating layer. The deposing, which is more 
irregular in the beginning, becomes more regular and, in the end, it will produce a regular, 
compact  texture  which  obey  the  geometrical  system  of  the  crystal  lattice.    This  kind  of 
metallic chill is presented in figure 4b. 
   For the obtaining of the copper metallic chills, it will use the electrolyte solutions 150-
300g/l copper sulphate (CuSO4.5H2O), 7-15 g/l sulphuric acid and 30-50 ml/l ethanol. The 
value of the current density is 1-3 A/dm
2. 
   The metallic chills obtained by electro-deposit will be incorporated, by different casting 
technologies, mechanical working, into the proper moulds used for the soles obtaining. A sole 
obtained into this kind of mould is represented in figure 4c. 
 
4. CONCLUSION 
 
  The moulds for soles or parts of them, which are obtained by electro-deposit are realized 
using electrolysis equipments.   
  The using of these technologies is an advantage, especially in the designing and quick 
realizing  of  certain  new  soles  collections  stadium.  The  moulds  for  soles  obtained  by 
electro-deposit  technologies  will  be  realized  with  low  costs,  in  a  short  time,  in  the 
experimental phases (for the marketing tests), before of the proper mould realization for 
the mass production.  
  The  casts  used  for  the  non-metallic  electrodes  realization  will  be  made  with  classic 
technologies. 
  The conductive properties of the electrodes  will  be obtained by  a process  of metallic 
coating  on  the  non-metallic  electrode.  The  coating  of  the  object  will  be  made  by  its   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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immersion into an electrolyte solution or by spraying. When the immersion process is 
applied, it will use many kinds of electrolyte solutions, which may be a copper, silver, 
nickel, cobalt, aluminum soluble salt. When the spraying process is applied, it will use 
two kinds of solutions, one of them contains the metal which will be deposed, copper, 
nickel, silver salts, and the other one which is the reduction agent applied, in the same 
time, on the electrode surface; for each of these substances, it will use another pistol.    
  The metallic chills which will generate the cavities of the moulds, the sole proper models, 
will be obtained by galvanic deposits using characteristic electrolysis installations. After 
that, these chills will be fitted into the proper moulds which will be parts on the injection 
equipments. 
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Abstract: The leather confections industry uses the silicone rubber moulds for the symbols, 
notices and models stamping on the footwear or morocco goods parts. The paper presents some 
contributions in this kind of devices manufacturing technology. 
 
               Keywords: footwear, sole, silicone mould 
 
1. INTRODUCTION 
 
       The  flexible  moulds  made  from  silicone  rubber  are  used  in  the  leather  confections 
industry for the obtaining by stamping, on the footwear or on the Morocco leather parts, of the 
symbols, noting and ornaments.  
     The stamping is a printing process made for the realization of a drawing, on the material 
surface, using a plastic deformation process.  
     In  the  silicone  moulds,  the  stamping  takes  place  on  the  plane  parts,  which  contains 
polymerized vinyl chloride into their structure, using a special technology which realizes the 
heating of the polymer layer in a radio-frequency electrostatic field, until the thinning stage 
and then, the changing of the layer using a compression process. 
      There are two technological variants for the stamping in silicone moulds: the obtaining of 
the stamped parts from plastically using a gelatinization process and the obtaining of the plane 
parts from the polymerized vinyl chloride powder using a sintering process.     Using the 
stamping technology with silicone moulds, the costs become lower.  
     This technology is used when the models need a large time for the realization with classic 
methods or they have many compound parts with complex and different ornaments. 
   The paper presents some technological aspects about the parts stamping using the silicone 
moulds and aspects about the technologies used for these moulds realization. 
 
2. EXPOSITION 
 
In  the  leather  confection  field,  the  moulds  made  from  silicone  rubber  are  used  for  the 
stamping operations, in three technological variants: the stamping of the parts which content 
layers of polymerized vinyl chloride in their structure; the stamping and the gelatinization, in 
the same time, of some plastically pulps; the stamping and the sintering, in the same time, of 
the polymerized vinyl chloride powder [1, 3, 4, 9].   
a. Stamping of the parts which have polymerized vinyl chloride in their structure  
   Regularly, these materials have, in their structure, a textile material base, a polymerized 
vinyl chloride layer having a porous structure (its thickness represents about 60% from the 
entire  thickness),  a  polymerized  vinyl  chloride  layer  having  a  compact  structure  and,   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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eventually, a polyurethanes finish layer.  
   The stamping takes place [4, 5, 8] in a silicone rubber mould with a cavity which have 2-2,5 
mm depth. The mould will be realized copying a primary model using a special technique. 
The silicone rubber mould hardness is 55-60
0Sh. This means that, the profiled details which 
will  be  printed  on  the  stamping  material  will  have  a  small  high  to  avoid  their  buckling 
deformation. With the same purpose, the stamping pressure has a very small value, about 1,7 
daN/cm
2. The heating of the thermoplastic film of the stamped part will be made with radio-
frequency currents until the thinning temperature of the polymer. As an effect of the thinning 
and of the pressure used for the part pressing in the mould cavity, after the cooling, the part 
will have printed the model of the mould cavity. The presence of the porous layer into the part 
structure has its contribution at the stamping process; the polymerized vinyl chloride part will 
be  heated,  in  the  radio-frequency  field,  until  the  thinning  temperature,  160-180
0C;  at  the 
porous layer level, the temperature of the gaseous captive into the micro-cells is 170
0C and its 
pressure is 2,82 daN/cm
2, when the outsider pressure is 1,7 daN/cm
2. In these conditions, in 
the same time with the thinning process, the internal pressure is higher then the external 
pressure, with more then one atmosphere, and the polymerized vinyl chloride will be pushed 
from the interior to all the unevenness of the moulds (no matter how fine they are), suffering, 
in the same time, a new thermal expansion process. 
   So, it can say that, without this layer, the forming process would need a higher pressure of 
the  installation.  Studying  all  the  details  of  the  process,  it  can  conclude  that  the  thinning 
(which takes place in both layers of PVC) and the thermal expansion of the microcellular 
layer push the compact layer into the mould unevenness.  Contacting the mould, the compact 
layer will be cooled until 130-140
0C. For the obtained plastic deformation keeping, after the 
mould was opened, the part will still be kept into the mould another   10-15 seconds, so, the 
cooling will go on. Under 90-100
0C, the model obtained by stamping will keep its design, a 
long time.  
 In the same time with the stamping process, a thermoplastic layer will be transferred. In this 
case, there are two solutions.  The first solution means that between the detail and the stamped 
piece there is a printing foil which has a polyethylene or a polystyrene film on which it is 
settle down  a pulp based on a thermoplastic polymer (its melting point has a small value-100-
120
0C), which contents coloring agents or even small dimensions metallic powder (under  
0,1µm). By heating, the pulse will pass on the part surface. The other solution refers to the 
diversification of the stamped products and it means that it will use some moulds variants 
which realize the stamping, on an existing part, of another colored part. In this case, the 
designing of the mould cavity must allow this operation. This aspect is represented in fig. 1.  
 
 
 
 
 
 
Fig. 1. Mould used for the simultane ously stamping of the two parts   
1-  silicone mould; 2- part  A; 3- part  B; 4- cavity for the stamping of the part B 
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During the stamping process, under the heat influence, the detail will be welded on the vamps. 
 
b. Parts stamping gelatinization some plastically pulps 
   In  this  case,  on  a  textile  material  base,  it  will  settle  down,  in  the  same  time  with  the 
stamping process, a layer made from a plastically gel. The stamping process takes place in the 
same time with the plastically gelatinization. In this technology, the silicone mould has, on its 
outline, a collecting channel which takes the plastically excess, just before the pressing of the 
detail into the mould cavity, as fig. 2 shows, [4, 5, 8]. 
 
 
 
 
 
 
Figure 2. Mould used for the stamping of the plastically pulp   
1-silicone mould with a collecting channel; 2- stamped part; 3-plastisol pulp   
 
c. Part stamping by some polymerized vinyl chloride powders sintering 
   This  technique  gives  the  possibility  to  stamp  a  part,  using  a  sintering  process  of  a 
polymerized  vinyl  chloride  powder  into  a  silicone  mould.  The  sintering  is  the  welding, 
densification  and  re  crystallize  process,  by  thermal  activation,  of  powders  or  granules 
agglomerates, [1, 3].  During the sintering process, the granules or the powders are firmed 
going to some inter granules bridges building which are continuous and stable. So, using a 
sintering process, it will obtain a continuous and dense film. 
   These moulds [4, 5, 8] have a cavity with a bigger depth, 4-5 mm, in which it will settle 
down the PVC powder. After the sintering process, the dense layer will have a 2-2,5 mm 
thickness, which is, as a matter of fact, the part thickness. The process stages are: the cavity of 
the silicone mould is filled with a polymerized vinyl chloride powder; as a radio frequency 
currents effect, the powder is heated and plasticized; the layer thickness decreases   because of 
the sintering process beginning. In this moment, the base made from a textile   or leather split 
material it settled down. This so made assembly goes to a pressing machine where the heating 
process goes on, and the sintering process of the polymerized vinyl chloride ends, in the same 
time with the stamping process.  
   In the case of the stamping technologies by the gelatinization of some plastically pulps or by 
the sintering of some PVC powders, in the same time, it can realize the vamps finishing, by 
spraying of the mould cavity with a polyurethanes film. 
   The heating equipments with radio-frequency currents have the power values between 1,5 
and 50 kW, depending on the surface of the heated part. 
   The stamping optimal time depends on the material. In usual conditions, this time is 10-15 
s, when there are stamped parts which have polymerized vinyl chloride in their structure and 
it is 25-30 s when the stamping is by the plastically gelatinization or by the PVC powder 
sintering. 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
190 
   
                In  the  manufacturing  process,  alter  a  certain  using  time,  the  moulds  must  be 
replaced. The realization of some identical moulds, using the initial models, is not possible 
because, in time, they are deformed. This is the reason because, just at the beginning, in the 
same time with the silicone moulds realization, it realizes the polyurethanes standard moulds, 
using the same primary model.  
 
3. EXPERIMENTAL PART 
 
   As the classic technology in silicone mould realization shows, the stages are: the realization 
of  the  primary  model  which  will  be  reproduced  in  the  mould  cavity,  the  proper  mould 
obtaining and the standard mould obtaining. In the cases when there are realized moulds 
variants, there are all these stages and more additional operations.  
 
3.1. Realization of the primary model 
    When  this  technology  is  applied,  it  will  pick  models  with  complex  ornaments,  whose 
realization,  using  classic  methods,  needs  a  very  long  time.  Using  the  silicone  moulds 
stamping technology, the product realization is cheaper. The primary model means the part or 
the parts assembly whose models may be complete reproduced into the silicone mould cavity. 
    The parts are plane and they are made using a classic technology. Because the copying 
technology by stamping reproduces identical any detail placed on the primary mould surface, 
it will use leather which have a clear drawing of the pits.  
   The parts borders which will be assembled by sewing will be buckled. For the buckling area 
of the parts borders it will resort to the straight attenuation; it gives a precise line of the buckle 
border and, in the same time, a little thickening of the borders. For the parts which are placed 
at the inferior side of the joint, it will resort to an oblique attenuation with finite dimensions, 
the breadth of the attenuation being adopted 6-8 mm. 
   For the sewing, it will use a thick string, it prefers a string which has 50/3 Nm fineness. The 
sewing  step  will  be  bigger,  2-3  steps  per  centimeter,  in  comparison  with  4-5  steps  per 
centimeter usually used. As ornaments of the parts, it can be used complicated decorative 
sewing with different thicknesses strings seams.  
   The borders of the parts, when they are not buckled, are indented or punched. In some holes 
case, their diameters will be bigger than the leather thickness; so, the profile of the mould 
cavity will not be damaged during many usages. 
     The primary model used for the silicone mould obtaining must be perfectly plane. This 
kind of experimental primary model is represented in fig. 3 [6, 7]. 
     For the obtaining of a perfectly plane surface, after all operations made for the primary 
model realization it will be glued on a leather split for the stamping. For the stamping process 
realization, the assembly will be placed so that, the parts constitutive of the primary model 
will contact the plane surface of the pressing machine and the leather split will contact the 
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Figure 3. Experimental primary  models 
 
Under the pressure, the unevenness resulted at the primary model realization (the parts sewing 
by overlying, the buckling of the parts borders, the realization of some decorative elements, 
etc.), are transferred to the split layer so that, in the end, the primary model surface becomes 
perfectly plane. The primary model is glued on a board base which has 0,8-1 mm thickness 
and then, on a glass or a aluminum rectangular plate. The glass or aluminum plate has 5-7 mm 
thickness and dimensions with 10-15 cm bigger then the primary model outline once. The so 
obtained experimental model will be used for the obtaining of the silicone mould.   
   Considering the economic criteria, when the primary model is designed and realized, the 
parts made for one pair of footwear will be designed symmetrically so that, it will not be 
necessary two moulds, one for the right foot and the other one for the left one. Also, a mould 
might be used for 2-3 numbers represented successive sizes. So that, it will realize the mould 
for the maximum size and then, it will re-cutting-on for the smaller sizes. 
 
3.2. Silicone mould obtaining 
   The experimental model, which realization was presented in chapter 3.1, will be placed in a 
rectangular polyurethanes frame which have de 8 mm height, as fig. 4 shows. Into this frame, 
it will cast a silicone rubber pulp. 
   The silicone rubber pulp has, in its composition, silicone oils which have a linear polymers 
structure. The reticulation of the linear polymers for the silicone rubber obtaining will be 
realized  using  structural  or  metallic  peroxides  which  form  oxygen  bridges  between  the 
filamentary chains of the neighboring molecules.   
 
 
 
 
 
 
Figure 4. Obtaining of the silicone mould:  
1-experimental primary model; 2-platform of the pressing machine; 3-polyurethanes frame; 4-silicone 
rubber mould 
 
sensitive way, some peroxides with silicone oils and then, with or without their heating. The 
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   The reticulation in heating, at 150 
0C and under pressure, goes a few hours. This time may 
be decreased if some catalysts, such as: lead oleate, silicagel, boric acid esters, etc. are used. 
An additional 1% of lead oleate decreases the reticulation time from hours to a few minutes. 
     Before the reticulation and the activation agents putting in, it will be introduced different 
fillers,  such  as:  mineral  substances  (chalkstone,  kaolin,  calcium  lime,  magnesia  and  lead 
monoxide), glass fibers, aluminum powders. As solvents, it will use the anon. As peroxides, it 
will be introduced structural peroxides. After the blending, the still fluid mixture will be cast 
over the primary mould. 
   To avoid the gluing of the pulp on the contacted surfaces, the surfaces will be lubricated 
with ant adherent oil.  
   Before the pulp of silicone rubber casting, it must be eliminated the air into the mixture. The 
presence of the air will determine the discontinuous structure formation which will go to the 
decreasing of the mould resistance. 
   After the pump casting, the assembly represented in figure 4 will be covered with a plastic 
foil which has 0,6-1mm thickness. The entire assembly will be pressed. After the finishing of 
the silicone pulp reticulation process, it will separate the experimental silicone rubber mould. 
The obtained mould will be machine worked for the thickness leveling, the plate preparation, 
the elimination of the captive air, etc. In these conditions, the mould will have a thickness 
about 7 mm. The so realized models of the silicone moulds are showed in fig. 5.  Figure 6 was 
represented landmark with ornaments made by stamping. 
 
 
 
 
 
 
 
 
 
 
       
           Figure 5. Silicone moulds                                                Figure 6. Stamped part 
 
4. CONCLUSIONS 
 
  As components of the footwear or Morocco leather products, there are often, parts or 
complex  decorative  models  whose  realization,  by  using  classical  methods,  asks  long 
operational  times  and,  as  a  result,  high  costs.  Using  the  stamping  technologies  with 
silicone moulds, the costs for this kind of products decrease.  
  The  using  of  the  silicone  rubber  moulds  in  the  stamping  of  the  parts  which  have 
polymerized  vinyl  chloride  into  their  structure,  is  based  on  some  fundamental 
characteristics of this kind of rubber: it participates at the dielectric heating process of 
the  polymerized  vinyl  chloride  without  itself  heating;  it  has  resistance  at  high 
temperatures, its heating being by conductivity; it has a local hardness bigger than the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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fluid polymerized vinyl chloride hardness; in a fluid state, before the finishing of the 
structure,  it  can  follow  all  fine  details  of  the  plane  surface  due  to  the  superficial 
proprieties (they give a good displayed behavior). 
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Abstract: The paper presents cellulose thermal insulations based on cellulose flakes applied "in situ", by    blow-
out under pressure. This mechanized method is using pneumatic systems with complex adjustments in order to 
obtain different densities and flow rates, when spraying the cellulose fibbers into the spaces to be insulated. 
 
Keywords: thermal insulation cellulose, pneumatic system, spraying 
 
Currently  are  known  and  used  various  products  and  ecological  materials  for 
constructions  thermal  insulation  of  both  new  buildings  and  rehabilitation  of  existing  old 
buildings. 
The  thermal  insulating  materials  based  on  polymeric  natural  fibber  have  a  great 
variety of characteristics that assure an efficient insulation for the reduction at energy costs 
through compliance the ecological conditions [1]. 
By using of the ecological building materials it can be reduced the major impact that 
buildings have on the environment. 
Also reducing energy loss in a building (residential, office, industrial, social, and so 
on) by improving of thermal insulation is of particular importance for the environment and 
resources conservation. 
The cellulose is a naturally occurring polymer containing more than 3000 molecules 
of glucose (polysaccharide) [2] obtained from wood, cotton, reed and straw. This is indeed an 
ecological product used as insulating material. 
The paper is the most commonly waste encountered (41% of total household waste) 
and is an important source of cellulose fibbers. The paper being fabricated from cellulose it 
biodegradable  and  is  decomposing  more  easily  than  other  wastes  (ex.  plastics  that  are 
practically not biodegradable). 
Recycling the paper brings very important benefits in: industrial water costs reducing 
(approx.  60%),  air  pollution  (about  75%),  electricity  (about  45%),  and  water  pollution 
(approx. 45%). 
From cellulose, as a result of special processing, thermal insulations can be obtained, 
which are applied by "in situ" spraying and it represents an alternative to other synthesis 
insulating materials (expanded polystyrene, extruded polystyrene, polyurethane foam) that are 
used now a days. The cellulose based material can be applied in new construction as well as 
old ones. 
The  based  on  cellulose  products  used  for  insulations  consist  of  cellulose  fibbers 
produced from waste paper, by mechanical crushing, together with additives: flame retardant 
substances (boric salts, boric acid) that are forming insulating layers, through swelling and 
mechanical  dry  blowing.  The  insulating  material  is  used  specific  for  its  purpose  and 
destination, with different thicknesses (range of densities from 28-65 kg/m
3), table no. 1. 
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Table 1 - The density depending on field of application [3] 
Area of application  Density range [kg/m
3] 
 
Vertical: cavity insulation in exterior-interior walls by mechanical 
process  
38-65 
Pitched: cavity insulation in roofs (pitch > 10
0) by mechanical 
process 
38-65 
Horizontal: cavity insulation in flat roofs and floor constructions by 
mechanical process 
38-65 
Horizontal: cavity insulation in ceilings and non circulated terraces 
(pitch ≤ 10
0) by mechanical process 
28-40 
 
The isolating with cellulose fibbres is used for the applications where the insulation 
material can be blow-out in order to fill the space in the vertical or horizontal cavities, or is 
free swollen in horizontal, curved or slightly inclined cavities. 
  The  insulation  material  based  on  cellulose  fibbers  cannot  be  inserted  into  the 
constructions in which this is exposed rainfall. It is not known the effect that this insulation 
material has on metal corrosion. 
  The cellulose is an organic material obtained from recycled paper and additives are 
needed to make it fire retardant and antifungal. The cellulose fibbers (Fig. 1) are used mainly 
for insulating concave spaces between the beams of the roof, the underside of the balconies, 
of the interior ceilings covered with drywall, walls with wood beams, because it offers more 
thermal and acoustic comfort. 
The cellulose soft fibbers are adequate for the vapour diffusion, good compensating of 
moisture and good insulating. 
 
 
 
Fig. 1 - Cellulose flakes 
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  The characteristics cellulose flakes are shown in table 2 [3]. 
 
Table 2 - Characteristics cellulose flakes 
Characteristics  Test method  Value 
Density, kg/m
3  ISO 18393-1 [4]  30  60 
Water absorption, kg/m
2  EN 1609 [5]  15.2  38.95 
Water vapour diffusion resistance factor (μ)  -  1 
Air flow resistance, kPas/m
2  EN 29053 [6]  5.3  25.1 
Thermal conductivity (λ10), W/(mK)  EN 12667 [7] 
EN ISO 10456 [8] 
0.0370 
(density 28-65 kg/m
3) 
Reaction to fire, class  EN 13501-1 [9]  B-s2,d0* 
(density 30-65 kg/m
3, 
layer thickness ≥ 100 mm) 
E 
(density 30-65 kg/m
3, 
layer thickness ≥ 40 mm) 
 
* applied between two plates, as follows: 
- a wood based panel, density of the board 680±50 kg/m
2, board thickness ≥ 12ﾱ20 mm, reaction to fire of the 
board: class D; 
- Calcium silicate board, density of the board 870±50 kg/m
2, board thickness ≥ 11ﾱ20 mm, reaction to fire of the 
board: class A2. 
   
The cellulose is thus an alternative to the traditional materials and can be installed 
quickly by a specialized team who hold a special pump to blow-out the cellulose. 
  Another advantage presented by the use of cellulose for thermal insulation in housing 
is the sound absorption, providing an enhanced acoustic comfort. The use of cellulose helps in 
hardening the structures, where is blow-out. The cellulose being installed under pressure, in 
"the box" formed by the wall and the finishing element  (gypsum board, panelling, OSB) 
creates a sandwich type wall with a cellulose core and having the density high enough, to 
increases the walls and roofs resistance to static and dynamic loads. 
  The blow-out application method makes the material to be used, also, to increase the 
thermal insulation layer of new or existing buildings, by the blow-out from the inside, over 
the initial layer of insulating material (Figures 2 and 3). The estimates cost for the cellulose 
insulations are about 15 - 20% of the costs of installation of a traditional system to insulation 
and anticipated life span is of about 50 years. 
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         Fig. 2 - Houses with wood structure         Fig. 3 - Houses with classical structure 
 
  The material insulating based on cellulose fibbers fire behaviour, depends on the flame 
retardant degree of the product and of the materials between which it is applied. 
The fields of application can be: 
1. In walls (Fig. 4): 
  insulation blow-out for cavities in the exterior walls 
  insulation blow-out for cavities in the partition walls 
 
 
 
 
Fig. 4 - Thermal insulation based on cellulose in walls 
2. In roofs: 
  blow-out insulation over flat roofs with top cover and ventilated cavity (Fig. 5); 
  blow-out insulation for unventilated pitched cavities, full rafters insulation. 
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Fig. 5 - Flat and pitched roof insulating 
 
  It was to be noted the water vapour impermeable foil that covers the closed space in 
which it is the cellulose is blow-out under pressure and compacted, resulting the thermal 
insulating core. 
  The applying technologies can be: classical blow-out, open blow-out and manually 
application. 
  The mechanical dry blowing is performed with the aid of a pneumatic system (Fig. 6), 
with complex settings in order to obtain different densities and flow rates, that transports  the 
cellulose fibbers from the lorry, thru a flexible tube up to the floor, wall or attic where is made 
the thermal insulation is applied, by spraying. 
 
 
 
Fig. 6 - Application device for thermal insulating cellulose flakes 
 
  The method is similar to casting of concrete using the concrete pumps, in both cases it 
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And last but not least, application time is much diminished. The cellulose fibbers perfectly 
adhere on the surface where they are applied, forming a continuous layer without cracks, 
voids and that is not subject to damages under the external factors actions or its own weight. 
a)  Classical blow-out (with a hose, with nozzle) 
  Depending on the application, respectively the construction, the blow-out is performed 
by a hose or nozzle (Fig. 7). This is the most common application method. It is used to 
insulate the spaces between the rafters in the attic and in the walls with the uprights. The 
cellulose fibbers adhere one to the another and form a felt layer is such a way, that it is obtain 
a thermal insulating precise, continuous, seamless and without joints layer, which is it perfect 
pressed. Using the blow-out mechanical system all the cavities are filled at the necessary 
density. 
 
 
 
Fig. 7 - Application with flexible tube 
b) Open blow-out (Fig. 8) 
-  Ideal  application  for  a  continuous  insulation,  seamless,  without  additional  bonding  and 
seamless in the floors cavities under the wood elements for lining. 
 
 
 
Fig. 8 - Open blow-out 
 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
200 
c) Manually application 
  It is used especially for the floor insulation where a low insulation density is required. 
The cellulose must be dispersed by hand or better using a mixer before being used. The filling 
of  the  cavity  is  done  manually  and  this  method  is  used  in  the  vertical  area  of  open 
construction, such as: the one side open resistance walls (where HVAC systems are installed), 
or intermediate walls. 
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  ABSTRACT:   This paper presents different types of paints based on organic binders in aqueous 
dispersion  obtained  by  nanotechnology  and  results  of  experimental  research  on  their  influence  on  certain 
influence on their durability to certain characteristics.  The study on these products highlights the improving 
sustainability through the use of products based on acrylic resin coatings obtained by nanotechnologies. 
 
Keywords: the film forming products, sustainability, organic binders, aqueous dispersion, nanotechnology. 
 
1. INTRODUCTION 
 
The concern that most of products used in constructions are subject to degradation 
caused a great challenge for the scientists  in order to find the ways to prevent the degradation 
of built surfaces and this is justified by the need to prevent such a process. 
  The construction exterior finishings are much diversified due to the development of 
new materials, technologies and solutions and on the other hand by the necessity to comply 
with  the  imposed  requirements  of  each  objective  regarding  aesthetics,  economic  and 
environmental efficiency criteria. The coating of different construction supports surfaces with 
self-cleaning paints and lacquers follows two main directions: 
a.  To protect the surfaces against environment destructive agents (dust, UV radiation, 
temperature variations, water, acid rain) and to improve of surface properties, i.e. a 
higher hardness (resistance to impact, scratching), UV resistance aiming to reduce the 
yellowing effect, or resistance to washing; 
b.  To assure a pleasant decorative look that can be obtained by colour, texture, and their 
combination. 
  The paint composition is based on three components: pigment, binder and additives. 
The  pigments  provide  colour,  but  they  have  other  features  too,  the  binder  ensures  the 
adherence of pigments and the other components particles to the substrate and determines the 
physical  and  chemical  properties  of  coatings;  the  additives  are  chemical  substances  that 
modify the paint properties when is in a fluid  state. The volatile component controls the 
viscosity,  manufacturing  and  product  application  easiness.  To  obtain  paint  for  a  specific 
purpose is more an art then a technology. It is not possible to accuracy predict a specific 
combination for a specific purpose and a given property. 
  The use of nonmaterials in the composition of coating brings new opportunities for the 
paint  industry.  The  use  of  nanomaterials  as  additives  improves  conventional  coating 
properties and can produce new multi-functionality due to particle size composition.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  2. THE EXPERIMENTAL PART 
 
  2.1. Raw materials and materials 
  The  film-forming  product  used  for  determining  the  durability  characteristics  are 
shown in Table 1. Products were selected with different variations in the type of binder. The 
products studied are presented in Table 1.             
                      Table no.1 
Product  Basic composition  Application mode on concrete substrate 
Paint 1  acrylic  resins  in  aqueous  dispersion  containing 
27% titanium dioxide 
Product is applied in two layers over the primer  
Paint 2  acrylic  resins  in  water  dispersion,  nano  active 
compounds by photo catalytic action 
Product is applied in two layers over the primer 
Paint 3  styrene-acrylic resins, pigments, fillers, adjutants, 
emulsify 
Product is applied in two layers over the primer 
Paint 4  silicon  resins,  pigments,  fillers,  adjutants,  in 
aqueous dispersion  
Product is applied in two layers over the primer 
Primer   acrylic-styrene resins, pigments, fillers, adjutants, 
in aqueous dispersion 
The product is used for the preparation of 
mineral supports located on the outside in order 
to apply subsequent layers of paint. 
    The application of film forming / coating products was made by brush. The 
first coat (primer) was applied by brush for a better adherence on the support. 
The used products characteristics were determined and are presented in Table 2. 
   
Table no 2 Technical characteristics of the products, experimentally determined 
Technical characteristics / 
Test method 
Composition/Value 
Variant 1  Variant 2  Variant 3  Variant 4 
Density, 23
0C, g/ml 
SR EN ISO 2811-1:2011 
1,468 
 
1,495 
 
1,678 
 
1,529 
 
Non-volatile-matter 
content,1hour, 105
0C, % 
SR EN ISO 3251:2008 
62,43 
 
 
61,87  63,67 
 
62,21 
Flow time by use of flow cups, 
ɸ 8 mm, second  
SR EN ISO 2431:1997 
not flowing  
 
not flowing  
 
not flowing  
 
not flowing  
 
Hiding power expressed at a 
fixed spreading rate, m
2/l 
SR EN ISO 6504-3:2007 
8,16 
 
8,12 
 
9,65 
 
9,34 
 
Wet film thickness, μm/2layers 
SR EN ISO 2808:2007 
152,15 
 
154,32 
 
140,18 
 
160,90 
 
Specular gloss of non-metallic 
paint films at  60
0 and 85
0 
SR EN ISO 2813:2003 
gloss at 60
0=2,1 
gloss at 85
0=3,5 
matt 
gloss at 60
0=2,3 
gloss at 85
0=4,3 
matt 
gloss at 60
0=2,2 
gloss at 85
0=4,2 
matt 
gloss at 60
0=2,0 
gloss at 85
0=3,9 
matt 
Pull-off  test  for  adhesion  on 
concrete support, N/mm
2 
SR EN ISO 4624:2003 
0,90 
broken in paint 
0,99 
broken in paint  
0,74 
broken in paint  
0,65 
broken in paint 
Rapid-deformation (impact 
resistance) Falling-weight test, 
large-area indenter 2 kg, cm  
SR EN ISO 6272-1:2004 
100 
mark with the 
unmodified 
surface 
100 
fine cracks  
100 
mark with the 
unmodified 
surface 
100 
mark with the 
unmodified 
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  In order to determine the durability of the products presented in this paper, there were 
studied their behaviour in natural aging conditions for urban-industrial environment, as well 
as  in  artificial  aging  conditions,  exposure  to  fluorescent  UV  radiation,  water  and  Xenon 
radiations. 
 
 
    2.2. The work procedure 
  2.2.1. Film-forming products behaviour under exposure to the UV radiation and 
condensation 
  The  exposed  products  properties  were  compared  with  similar  unexposed  products, 
prepared in the same way (standard samples), according to EN ISO 11507:2007.  Three test 
pieces were prepared, two for direct exposure and a standard specimen stored in a dark place.  
Method A was used: exposure to radiation and condensation, for a cycle of 4 hours exposure 
to UV radiation, using Type I lamps, QVB-313 EL and temperature of 60 ± 30
0C, followed by 
4 hours condensation. 
  Test result was recorded by changes in appearance or other signs of cover damage, 
discoloration,  blistering,  cracking,  etc.,  as  results  from  exposure  to  artificial  radiation, 
according to EN ISO 4628-1-8:2004. 
  Used equipment: equipment for the determination of the artificial aging by exposure to 
UV radiation, Type QUV, lamp type UVB-313 EL, adjustable temperature indicator, 100
0C, 
precision - Class 1,  thermoset, precision - Class B.  
  The summarized experimental results are presented in Table 3. 
 
Table no. 3 Results regarding the coatings product performances subject to accelerated aging to the UV radiation 
and condensation 
The number hour of 
exposure 
Film forming products durability after exposure to the UV radiation and 
condensation 
Variant 1  Variant 2  Variant 3  Variant 4 
800 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
1000 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
1200 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
 
  2.2.2.  The  behaviour  the  film-forming  products  under  filtered  xenon  arc 
radiation exposure 
   The artificial aging of coating products through their exposure to filtered xenon arc 
radiation, according to SR EN ISO 11341:2005, is performed in order to obtain the degree of 
variation of the chosen property after a certain period of exposure to radiation, H and / or   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
204 
exposure to the necessary radiation in order to produce a certain degree of aging. The exposed 
products properties are compared with the unexposed ones, that were prepared in the same 
conditions (standard samples). 
  Three test pieces were prepared, two for direct exposure and one standard specimen. 
The  test  specimens  were  repeatedly  subject  to  water  spray,  specific  for  A  cycle  with 
continuous functioning, as follows: wetting time - 18 min., dry period - 102 min., temperature 
in the climate chamber - 38 ± 3 
0C, relative humidity during the dry period – 40 to 60%. 
 
Table no 4 Results regarding coating product performance tested for accelerated aging by a filtered xenon arc 
radiation 
The number 
hour of 
exposure 
Durability of film forming products after exposure to a filtered xenon arc radiation 
Variant 1  Variant 2  Variant 3  Variant 4 
800 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
1000 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
1200 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
 
 
  2.2.3. Film-forming products behaviour after exposure to natural aging in urban-
industrial environment specific conditions 
  The  behaviour  of  protection  coatings  products  applied  on  a  support  is  different 
depending on the climatic conditions and on the destructive action of additional factors. 
  The film-forming products applied on a concrete support were exposed to the action of 
climatic  factors  specific  for  urban-industrial  environment,  according  to  SR  EN  ISO 
2810:2005,  in exposure stations especially designed, which consist of a number of exposure 
stands  were the specimens are fixed facing south under an angle of 45
0. The examination of 
the exposed specimens was done visually and recordings were made regarding the changes in 
the  appearance  or  other  signs  of  damages  on  the  coating  level:  discoloration,  blistering, 
cracking, etc., according to EN ISO 4628-1-8:2004. 
 
  The behaviour of the film forming products after different time intervals is presented 
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Table  no  5  Results  regarding  coating  products  performance  subject  to  natural  aging  in  urban-industrial 
environment specific climate conditions 
The number 
month of 
exposure 
Film forming products durability after exposure to natural aging in urban-industrial 
environment  specific climate conditions 
Variant 1  Variant 2  Variant 3  Variant 4 
2 months  There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no changes 
on the film surface 
6 months  There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no changes 
on the film surface 
12 months  dirt on the surface 
no other changes in 
the surface film 
clean surface, there 
are no changes to the 
film surface 
dirt on the surface and a 
slight discoloration, 
yellowing, no blistering, 
no cracking, no flaking 
dirt on the surface 
no other changes in 
the surface film 
 
 
  2.2.4. Self-cleaning effect determination after exposure to natural aging in urban-
industrial environment specific climate conditions   
  The evaluation of the self-cleaning effect was performed using a method for determining 
the photo catalytic activity by exposing the film-forming products to UV radiation, on which 
a blue methylene solution was applied, according to the German Standard DIN 52980:2008. 
  The principle of the method is the following: the products are applied on a concrete 
support; they are left to dry for 24 hours after the application of the last layer of the coating 
system;  a  solution  of  1%  blue  methylene  is  prepared  and  it  is  sprayed  on  to  the  coated 
surfaces  of  the  products  to  be  tested;  they  are  exposed  to  sunlight  UV  radiation,  in 
environment conditions; after the exposure period, the surfaces are examined and the films 
aspect is observed. Based on the degree of self-cleaning effect of paint films, the self cleaning 
power is determined, as presented in Table 6:                   
Table no.6 Self-cleaning effect grading 
Self-cleaning degree of methylene blue  Self-cleaning effect 
Total self-cleaning  High 
Average self-cleaning  Medium 
Null self-cleaning  Null 
 
Table no 7 Results regarding self-cleaning effect after exposure to natural aging in urban-industrial environment 
specific climate conditions 
The 
number 
day of 
exposure 
Self-cleaning effect after exposure to natural aging in urban-industrial environment specific 
climate conditions 
Variant 1  Variant 2  Variant 3  Variant 4 
90 days  without colour 
changes Null  self-
cleaning effect 
Total self-cleaning 
High self-cleaning 
effect 
without colour changes 
Null self-cleaning 
effect 
Average self-cleaning 
Medium self-cleaning 
effect 
120 days  without colour 
changes Null self-
cleaning effect 
-  without colour changes 
Null self-cleaning 
effect 
Average self-cleaning  
Medium self-cleaning 
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150 days  without colour 
changes Null self-
cleaning effect 
-  Average self-cleaning  
Medium self-cleaning 
effect 
Average self-cleaning  
Medium self-cleaning 
effect 
180 days  Average self-cleaning  
Medium self-cleaning 
effect 
-  Average self-cleaning  
Medium self-cleaning 
effect 
Total self-cleaning – 
High self-cleaning 
effect 
   
    
  2.3. Results and discussions 
  The experimental results on the durability of the product highlight the following: 
- after exposure to UV radiation and condensation or exposure to filtered xenon arc radiation, 
the film appearance evaluation was done and it was found that: 
  after  1200  hours  of  exposure  for  the  V1  exterior  use  acrylic  paint,  in  aqueous 
dispersion, for V2 exterior use  acrylic paint, in aqueous dispersion, based on photo catalytic 
active nano-acting compounds  and V4 exterior silicone paint, no perceptible changes of the 
surface film were found; 
  after  800  hours  of  exposure  for  V3  exterior  acrylic  styrene  paint,  in  aqueous 
dispersion,  there  is  a  slight  modification  in  colour  (yellowing),  no  blistering,  cracking, 
flaking. 
- after 12 months exposure to natural aging in urban-industrial environment specific climate 
conditions, by examining film appearance was found that  
  for V2 exterior acrylic paint in water dispersion, based on nano photo catalytic action 
active  compounds,  that  the    surface  is  clean,  for  V1  exterior  acrylic  paint  in  aqueous 
dispersion, and for V4 silicone exterior paint, that the surface is dirty with no other changes of 
the film;  
  after 2 months of exposure the V3 exterior acrylic styrene paint in aqueous dispersion, 
that the surface is dirty with  a slight change in colour (yellowing), no blistering, no cracking, 
no flaking; changes of the film;  
- after 180 days exposure to natural aging in urban-industrial environment specific climate 
conditions, the film appearance was assessed and was found that:  
  after 90 days of exposure the V2 exterior acrylic paint in aqueous dispersion, based on 
nano photo catalytic action active compounds, the result was total self-cleaning – high self-
cleaning effect; 
  after 180 days of exposure the V4 exterior silicon paint, the result is total self-cleaning 
– high self-cleaning effect, while the V1exterior acrylic paint in aqueous dispersion, and the 
V3 exterior acrylic styrene paint, in aqueous dispersion, the result is average self-cleaning – 
medium self-cleaning effect. 
 
  3. CONCLUSIONS 
   
The experimental results highlight that the exterior acrylic paints based on the photo 
catalytic action of the active compounds nano, clearly present the high self-cleaning effect, 
leading  to  an  increase  in  surface  durability  which  has  been  applied  compared  to  other 
products. A single paint shown a high self-cleaning effect after a double number of exposure   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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hours compared to the paint with photo catalytic activity, while the other paints had average 
self-cleaning effect. 
  After exposure to natural aging in urban-industrial environment the styrene acrylic 
paints present  a  slight  modification  in  colour (yellowing),  compared  to the other exterior 
paints due to the styrene presence in its composition. 
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Abstract: Pump, sucker rod and tubing string wear is directly proportional to the number of revolutions, 
therefore the use of larger displacement pumps operated at lower speeds can significantly extend equipment 
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1. INTRODUCTION 
 
One  of  the  most  important  mining  industry  is  the  exploitation  of  deposits  of 
hydrocarbon fluids through wells. 
The  use  of  these  natural  resources  as  a  source  of  energy,  fuel,  petrochemical 
feedstocks or in the pharmaceutical industry has made a fluid hydrocarbon extraction industry 
of prime importance. 
Labour productivity growth in the oil industry called centralized monitoring wells in 
the pumping operation, computer-aided data transmission to remote processes automation and 
control devices adaptation of stopping and starting of electric motors, test probes, detection 
and diagnosis of faults. Also in this area is remarkable development of complex computer 
programs for optimization of the choice of equipment and operation of facilities. 
Oil and gas industry is characterized generally by conveying large amounts of fluids: 
oil  and  gas  accompanied  by  salt  water  and  sometimes  hard  particles  (sand)  which  are 
extracted from the wells productive strata, then separated and stored installation surface. [12]. 
The material they are made of deep and surface equipment for extraction of oil wells are 
subjected to wear caused by fluids inside and outside the vehicle. Often these processes are 
produced with high intensity and leads to considerable difficulties such as: 
• Premature wear and decommissioning of equipment before normal time; 
• sudden interruption of processes that lead to loss of production due to accidents or 
technical, requiring large expenditures for remediation; 
• breakage of tubular material (tubing, oil pipelines and salt water) that generates high 
production and investment losses suplimenatare. [8] 
The main difficulties that characterize the work of the probe are: abrasion, corrosion, 
paraffin deposition, gas, oil viscosity, scale deposition and the drill hole. 
 
2. DESIGN FEATURES AND MANUFACTURING OF SCREW PUMPS (PCP) 
 
As described in the previous section helical pumps consist of two parts: stator and 
rotor.  The  stator:  it  is  made  of  steel  in  the  form  of  a  thick-walled  tube  within  which  is 
vulcanized an elastomer which is performed helical grooves along its length with two or more   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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beginnings. Steel pipe can be treated by nitriding the probe when conditions require.  
The elastomer of which is padded stator is usually made from a single piece. 
At the bottom stator is provided with a stop which serves to position the rotor in the stator 
(window pump) and not allow the rotor fall when loosening or breakage sensor gasket sucker 
rods.  In  practice  great  site  helical  pump  manufacturers  have  tested  a  wide  variety  of 
elastomers.  [5].  Most  elastomers  used  are  basic  components  composed  of  a  number  of 
acrylonitrile (ACN) in various concentrations to which is added a variety of additives and 
treatments in order to increase their performance characteristics. 
The main components of elastomers manufactured in the world today contain low 
concentrations  acrylonitrile,  medium  and  high  such  as  Buna  N,  High  NITRILES  (HN), 
Highly Saturated Hydrogenated NITRILES (HSN) and a few components based flor-Vitons. 
These elastomers are limited by the specific gravity of oil (<0.825 = 8.093 N/dm3 
kgf/dm3), temperature (< 175 
oC), the concentration of CO2 (<15% in solution), as well as 
their compatibility with the chemical treatments used in some stimulation operations. 
In Table 1.1, the types of elastomers and their characteristics used in the construction 
of corporate screw pumps Weatherford. 
 
Table 1.1. Elastomer compatibility with the fluid extract. 
 
 
The best way to test elastomer which is practiced throughout the world is immersed in 
it in different samples and study the behavior of fluids. 
Each manufacturer offers different elastomers that may have different reactions to the 
same  site  conditions.  Most  manufacturers  use  nitrile  component  in  maintaining  the  main   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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differences acrylonitrile content. 
To  make  a  correct  choice  of  the  type  of  elastomer,  screw  pump  manufacturing 
companies  came  to  help  its  customers  by  providing  them  using  the  available  samples  of 
elastomers for use in oils that will work. 
These samples are immersed in small containers of oils of application data (the probe 
to be equipped with screw pumps) for a certain period of time prescribed by the manufacturer. 
After this time, the samples are returned for analysis, and that the manufacturer recommends 
appropriate type of elastomer. Impeller is made of alloy steel, chrome plated stainless steel 
were hardness of 200-240 units Brinel. 
From the experiments of the site obtained by the moment it was found that the choice 
of the best materials for construction pump impeller must take into account the fluid pH have 
been abrasive corrosive nature of the fluid from the well. 
If the fluid has a pH between 5 and 8 can successfully use a stainless steel rotor hard 
chrome coated. On the other hand, if the pH is less than 5, should be used to rotors made of 
stainless steel. It should be borne in mind that in the case in which the use of stainless steel 
impeller characterized in that it is soft compared to alloy steels, to take into account the nature 
of the abrasive particles and the percentage of fluid in the fluid. In some cases more special 
characterized by abrasion and corrosion conditions of the rotors borates are used which can 
have a lifetime in the site 3 to 5 times the rotor plated for the same application. 
However rotor chrome alloy steel, hard on the outside, has a lower cost price and 
offers a fairly good wear resistance. The rotor can be easy and inexpensive, and recromat 
decromat if the metal cover was damaged. 
Manufacturers of screw pump rotors available to beneficiaries in a stainless steel high Varita 
thickness of chromium. 
Experience has shown that the thickness of the chrome size allowed increasing the 
lifetime of the rotor in abrasive and corrosive environments. 
Wear on chrome layer on the surface of the pump impeller leading to the sharp decline in 
operating efficiency of the pump. 
A  thickness  of  the  chromium  loss  of  only  0.10  mm  of  the  surface  of  the  rotor, 
decreased pump efficiency is insignificant and the rotor does not have recromat. 
A wear layer of chromium of between 0.16 mm and 0.20 mm from the surface of the 
rotor, leading in most cases to recromarea rotor which creates the possibility to increase the 
service life in most applications. 
Due to its construction, the pump can convey oil containing suspended solids as a 
particle driven by spiral rotor is pressed it more rounded stator surface which synthetic rubber 
is deformed and clog, making sealing and wear by avoiding abrasion of the rotor. 
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Fig.1  Seal rotor - stator and sand particle retention 
 
After remoteness rotor stator, the area where sand particles interposed, it falls under its 
own weight into the lower cavity. How to make the seal rotor - stator and sand particle 
retention is illustrated in Fig. 1. 
 
3. PROBLEMS ENCOUNTERED IN PUMPING HELICAL  
 
The presence of free gas at pump suction directly affects its efficiency by reducing the 
volume of fluid pumped through the pump. [9,10] 
Spiral pump can pump the fluid in limited quantities of product gas is taken to the 
surface, thus overcoming the friction pressure loss. 
The lack of adequate amounts of fluid gives rise to conditions of "dry run", which 
results in burning of the surface of the elastomer and the occurrence of cracks, cracks, etc.. 
In Figure 2 is shown that one can suffer wear elastomer under "dry run". 
 
 
 
 
Fig.2 Wear elastomer. 
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Sand probe 
The presence of solid particles in the fluid pump products reduce the battery usage and 
efficiency of the pump coil. 
The rotation of the rotor inside the stator rough and smooth soft and elastic leads to a 
very good tolerance to pump sand and abrasive particles. Solids are suspended in cavities and 
forward through the pump once the fluid displaced. Any particle of sand trapped between the 
rotor and stator is pressed within elastic elastomer without damaging the pump. Figure 3 are 
the wear on careo data may suffer rotor abrasion conditions. 
 
           
 
Fig.3 Rotor wear due to abrasion 
 
Because elastic stator-rotor torque are cleared of any problems related to seizure and 
excessive wear, given the presence of sand in the fluid. 
As  you  increase  the  solids  content  (sand)  to  increase  proportionally  fluid  friction 
between the rotor and stator and the impeller so when necessary. 
During initial operation much more wear occurs in the probe due to its high content of 
sand of up to 70% compared with probes which are operated for over a year in which the sand 
is stabilized at a concentration of 5% or less . 
The sand can cause many problems such as: 
- Accelerate equipment wear; 
-sucker rods increase torque and energy consumption; 
-restricting flow at pump suction pump and tubing. 
Deviation probe 
Deviated wells are vertical Started with a growth sector followed by a sector angle of 
tangent intersecting vertical tank with a depth projected. 
Design  parameters  include  depth  inflection  point,  the  intensity  of  increasing 
inclination (0/30 m) target coordinates and the maximum curvature. 
Probes  inclined  angles  are  switched  between  150  and  450  on  the  surface  and  are 
drilled  straight  at  the  target,  although  some  probes  include  a  small  section  of  increasing 
inclination to get displacements larger than allow the angle was opened. 
An important issue that occurs during pump operation is winding pipes of pumping 
friction tubing direct contact between them. This friction occurs because the probe is not 
perfectly vertical with some almost vertical trajectory.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Because  of  friction  sucker  rods  seal  the  tubing  appears  to  wear  them  and  tubing. 
Rubbing sucker rods generally occurs in their sockets. 
Places that have the greatest wear correspond to sudden changes of inclination of the 
wellbore. Reversals of curvature (slope changes wellbore profile from positive to negative 
values of angle) are associated with strong rod and tubing wear regardless of their position 
both deflected and inclined wells. 
In Figure 4 is presented again by friction wear-tubing plug. 
 
 
 
Fig.4  Tubing wear 
 
 
4.CONCLUSIONS 
 
For proper operation of pumping equipment helical pump is recommended to use the 
following procedures: 
The optimum speed of the pump have to be rigorously determined by the production 
capacity of the well. Most of the times, the literature recommends choosing the optimum 
speed of the pump operation does not exceed half the maximum speed. This is confirmed by 
rotating machines that wear is proportional to 1/3 of the power input to achieve this speed. 
 It is best to avoid frequent starts especially in sandy wells difficulties. Tendency for 
sand  driving  if  system  shutdown  at  its  settling  above  and  restart  the  pump  rotor  torque 
occurrence of excessively high. 
If  the  formation  fluid  has  a  high  content  of  sand,  it  is  necessary  to  prevent  the 
operation of the pump on the depth of the top of the velocity field. For highly abrasive fluids 
will consult manufacturers for such equipment. 
Do not start the machine again without fluid in the pump probe. Usually it is good to follow 
for such pumps a minimum of approximately 90 m submergency.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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A dominant feature of helical pumps that should never be skipped when using this 
extraction system, is the compatibility of the materials used in the construction of wells pump 
circulating fluids. Work are presented in a series of articles comprising the helical pumps and 
indicate the type of application they can be used. 
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Abstract:  Vibration  analysis  applications  in  operation  is  one  of  the  diagnostic  methods  of 
operation of the facility.  Analysis of these types of failures indicated the existence of specific 
features  prints  and  related  equipment  vibration  spectra.  Modeling  and  identification  of  these 
particular  aspects  in  the  spectrum  of  vibration  machines  help  to  control  the  operation  of  oil 
facilities built safely. 
 
          Keywords: analysis, vibration, diagnostic methods, modeling 
 
 
1. INTRODUCTION 
 
Vibro-diagnosis is one of the applications of fault diagnosis methods using vibration 
analysis. Analysis of these types of defects indicated the existence of specific features prints 
and vibration spectra related machinery. Knowing and identifying these particular aspects of 
machine vibration spectra contributing to the installations safer. 
Vibration Diagnosis grew quickly, its application practice proved highly effective, with the 
development  of  measurement  techniques  and  signal  processing.  Vibration  Diagnosis  is 
preferred, with rare exceptions, diagnose the noise is too much affected by ambient noise 
sources,  methods  and  equipment  requiring  either  special  or  particular  conditions  of 
measurement. 
Vibrations caused by mechanical weakening the trees are the most dangerous in the 
whole range of vibrations that are caused by weakening (weakening structural weakening 
fixing machinery) because they lead to additional demands by shock shaft and bearings. Of 
these two camps are the components most susceptible to impact and present their demands 
lead to their rapid deterioration. 
 
2. IDENTIFYING FAULTS BY VIBRATION ANALYSIS 
 
General  characteristics  of  mechanical  weakening  trees  in  vibration  spectra  are  the 
increase in the fundamental frequency acceleration amplitude (frequency of rotation of the 
shaft) but also of its harmonics. This event is linked to a loss of rotational energy - energy that 
is the main flow through the tree - the tree of micro-movements in the existing games offered. 
These trips have very low values, from a few microns to tenths of a millimeter, which makes 
the vibrations to take shocks as a source due to these trips and not displacement of large 
masses  and  implicitly  energy  transfer  as  if  structural  weakness  or  fixing,  vibrations 
manifesting obvious and velocity spectra. 
  Therefore  the  identification  of  such  defects  begins  with  vibration  acceleration 
spectrum  analysis  FFT  (Fast  Fourier  Transformation).  To  correct  exposure  modes  of   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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manifestation of this type of faults to be used spectra of a single machine (an electric motor 
with an output of 15 kW and speed  of 1500 rev / min.). Figure 1. is represented such a 
spectrum  shows  how  a  typical  event  of  any  such  failure.  Event  of  such  a  defect  has 
characteristic high amplitude acceleration in the fundamental frequency (in this example the 
frequency of 25 Hz corresponding to a speed of 1500 rev / min) and its multiples (up to the 13 
multiple).  Multiple  acceleration  amplitude  2,  3  and  4  are  higher  than  the  fundamental 
frequency fundamental which locates this type of weight loss in the camp, manifested by 
clearance between the bearing and the bearing housing. 
 
 
 
Fig. 1. Sample vibration spectrum (X axis). 
 
 
3. VIBRATION ANALYSIS OF CENTRIFUGAL PUMPS 
 
The pump is a machine which converts mechanical energy received from a driving 
source (for example, an electric motor) hydraulic energy. Transport of the liquid by the pump 
can  only  be  achieved  in  a  hydraulic  system.  Such  a  system  typically  consists  of:  pipes, 
fittings, meters and of course the pump, as the main element. 
The  pumps  are  classified  in  two  broad  categories:  centrifugal  and  positive  displacement 
pumps 
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 Fig. 2 Construction of centrifugal pumps 
 
Fluid  enters  the  pump  through  the  conduit  aspiraţie1.  The  rotor  2  is  fixed  to  the 
arborele3. By turning the rotor is spun on its outskirts water where the water is collected in 
room 6 and headed to discharge spiral 7 in speaker 5. The water exits through the high-
pressure pipe 4 in Figure 2. 
Causes wear 
Functional parameters of a pump do not keep constant values throughout her life. This is 
explained by the fact that the parts which comprise pump wear over time. If nature centrifugal 
pumps wear parts is of two types: 
• Mechanical; 
• Cleaning. 
Whatever the nature of wear, it has the effect of changing geometric shapes of the 
parts, which are ultimately reflected in the modification of the hydraulic pump functional 
parameters (flow, pressure, pump head) 
Assemblies that wear out frequently 
Centrifugal pumps, parts most exposed to wear, both abrasive and corrosive are: 
• rotor; 
• bearings and measuring point 1,2 ; 
• the shaft protection sleeve; 
• mechanical seal; 
• soft linings; 
• camps. 
During unit shutdown to perform maintenance stage wear is found and pass the parts 
replaced. For vibration analysis VIBROTEST we use the data collector device 60 being at the 
same time balancing tool, Figure 3. 
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                                      a)                                                                     b) 
 
 
 
 
                          c)                                                                     d) 
Fig. 3 RMS vibration measuring their various centrifugal pumps 
 
Rules Concerning the correct measurement: 
 Always on bearings; 
 Is Measured in three directions (H, V, A); 
 The sensor firmly attached to the field; 
 Using the same numbering system on all machines Measured bearing; 
 Using the setting for the type of measurement. 
 
Table 1 Experimental results from the analysis of vibrations multistage centrifugal pumps  
Discharge 
Pressure 
[kPa] 
 
 
 
BEARING 1 (speead 2960 rot/min)    BEARING 2 (turatie 2960 rot/min) 
orizontal 
[mm/s] 
vertical 
[mm/s] 
axial 
[mm/s] 
 
 
orizontal 
[mm/s] 
vertical 
[mm/s] 
axial 
[mm/s] 
1    0.130  0.354  0.154    0.124  0.242  0.106 
0.8    0.261  0.390  0.272    0.129  0.122  0.125 
0.6    0.302  0.380  0.288    0.121  0.117  0.129 
0.3    0.279  0.327  0.257    0.120  0.128  0.143 
 
Vibration measurement will indicate if the vibration rms is normal, still admissible or 
inadmissible, but we will provide information on what is defective and where it is located. 
Their values, compared with the permissible levels recommended by the manufacturer or   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
219 
dynamic machine ISO 2372 and ISO 10816, figure 4, indicate that the machine works safely. 
 
            Fig.4 Machine works safely 
 
4. INTERPRETAREA REZULTATELOR 
 
The result is the assurance of design integrity prior to equipment installation and use. 
MechRel  then  extends  these  cost  savings  to  actual  equipment  usage  through  early 
identification of an optimum maintenance philosophy, logistics support requirements and real 
time calculations of remaining life. 
MechRel  is  used  to  perform  different  types  of  reliability  analyses  of  mechanical 
designs  and  determine  logistics  support  requirements.  Using  MechRel  saves  considerable 
expense during the early development phase by determining the reliability, availability and 
maintainability  characteristics  long  before  the  expensive  "test  analyze  and  fix"  phase  of 
design development.  
 
 
Fig. 5 Failures / million hours function according design speed   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig. 6 Failures / million hours function according operating speed 
 
MechRel is an enhancement to any platform analysis. It provides a more accurate 
determination of failure event probabilities, probabilities of occurrence for individual failure 
modes, and supports the transition from hard time maintenance to conditioning monitoring 
and condition based maintenance. For example, CDNSWC engineers have demonstrated the 
use of MechRel remaining life equations for an automated diagnostic and prognostic system. 
 
5.CONCLUSIONS 
 
Centrifugal pumps are machines that convert mechanical energy into hydraulic energy 
by the active part (rotor), with different structural forms: single-stage, multistage horizontal or 
vertical multistage multistage oblique. 
The main causes of wear centrifugal pumps may be of mechanical or chemical nature 
and the parts most affected are:  rotor, bearings, shaft  protection sleeve, soft gaskets, and 
mechanical seals labirintii. 
Vibrations caused by mechanical weakening trees are the most dangerous because 
they lead to additional demands by shock shaft and bearings. 
Diagnosis of mechanical loosening vibration analysis method has several advantages 
such as reducing maintenance costs, increased operational safety, reduce wear in bearings etc. 
Vibration on bearings is one of the global indicators of quality, they manifested either 
by direct effects or by indirect effects. 
With measurements of vibration can cause defects such as dynamic imbalance, poor 
alignment, games and weakening, specific defects of bearings, etc. .. 
In vibration analysis performed on three types of centrifugal pumps, namely: single-
stage pump, horizontal multistage pumps with four rotors and ten horizontal multistage pump 
impellers, it follows that these machines do not require repair surgery because the vibrations 
are within the limits prescribed.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Diagnosis of mechanical loosening vibration analysis method has some advantages 
such as lower maintenance costs, increased operational safety strain relief camps etc. 
In vibration analysis performed on three types of centrifugal pumps, namely: single-stage 
pump,  horizontal  multistage  pump  with  four  rotors  and  ten  horizontal  multistage  pump 
impellers, that these machines do not require repair job because the vibrations are within the 
prescribed limits. An analysis of a design for reliability and maintainability identifies critical 
failure modes and causes of unreliability, and provides an effective tool for designing the 
most cost effective logistics support plan for the product.  
Applying MechRel to a new product design provides a sound basis for determining 
spare parts requirements, needed redesign efforts, and reallocation of logistics resources to 
assure that R&M requirements for a particular system will be met. 
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Abstract:The  defectsfrom  the  structureof  metallic  materials  of  whichare  manufactured  the  pieces,  can 
beputoutbyNDT. One ofNDTmethods, commonly usedin practiceisultrasonicmethod. 
In this paper are rendered the results of the determinations by the effects of coal mills bars by type DGS 100, 
obtained with ultrasound devices by type PHASOR XS. 
 
Keywords:coalmill, the bar,NDT,ultrasonicmethod. 
 
 
1.INTRODUCTION[2] 
 
The main machine of drying and preparation system of coal dust necessary for burn in 
the power plant is the die-fan, with hammer, type DGS100, which has the role to dry and to 
grind  the  coal,  and  also  to  transport  the  coal  dust  mixture  and  flue  gas  to  the 
toboilerfireboxburners.  DGS100millwas  designedfor  grinding  the  lignite  from  the  Oltenia 
Basin. 
   Some of the highlights that need to find the defects to ensure the safety work are the 
bars  (Fig.1) of coal grinding mills typeDGS100 oftheThermoRovinari. 
 
 
Figure 1.Overall drawingof the barforDGS100coalmill.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The  elaborationof  metallic  materialsis  acomplextechnological  process  in 
whoseprogressintervenea  number  of  factors,  which  favormoreor  lessthe  presence 
ofdiscontinuities. Insome cases, discontinuities fall under the category of admitted defects and 
in  others,  is  constituted  in  impermissibledefectsfor  the  partsthat  will  be  partof  an 
installationoran equipment. 
It  is  known  that  the  presence  of  discontinuities  in  metallic  materials  affects  their 
mechanical properties and is due to: 
- the drafting process of the material (molding); 
-  the  manufacturing  process  of  the  parts  (forging,  rolled  metal,  welding,  heat 
treatment); 
- the operation, following the requests, which is subject to the material (corrosion, 
cracking). 
  The discontinuities from the structure of metallic materials of which are manufactured 
parts can be put out by NDT. One of NDT methods currently used in practice is ultrasonic 
method.  The  successful  use  of  ultrasonic  methods  in  identifying  discontinuities  in  metal 
structure parts is conditioned by the knowledge of source, the shape or probable orientation of 
the discontinuities, so finally it can accurately determines the presence or their absence. 
Once  identified,  the  discontinuities,  must  be  reconciled  with  the  stipulations  of 
standards, of rules, or of the contractual technical conditions that determine whether they are 
admissible or inadmissible remedies. 
For rolled products or drawn from steel, defects are included in the STAS 6656-66. 
From the defects group provided in the above-mentioned standard we mentioned the 
compactness categories of defects namely: 
a) the voids are discontinuities of compactness, formed in the casting or the steel making, in 
proportions not admitted and not removed in processing of ingots; 
b)  compactness  deterioration  that  appears  as  discontinuities  in  laminates  and  paths 
compactness in the form of gaps, relatively narrow and prolonged (regular or irregular line of 
continue lengths, interrupted or shifted). 
Concretely can be illustrated some of the defects that appear frequency, namely: 
  -  producing  shrinkholes,  contraction  gap  with  oxidized  edges,  or  with  others 
impurities formed at the ingot solidification; 
         - indoor porosity or microretasura in the form of small and numerous gaps, usually 
coming from shrinkage and formed at edges crystals; 
-Flawsin  the  form  of  not  weldedorpartiallyweldeddiscontinuities,  which  appearin 
therolledsectionbeingcaused  bythesolidification  ofliquid  steelfrom  ingot  and  rolled  during 
thelaminationandpulling;  its  surfaceisgenerallysmoothandnon-oxidizingwhich  allowsits 
welding more orless completely,depending on thetemperatureand pressure conditionsin the 
case ofhot lamination. 
-  The  cracksthat  aredamages  of  thecompactness,  canbederivedfromthe  original 
material,or  from  theprocessingandheating,  or  from  theformation,  respectively, 
inadequatecooling.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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At ultrasoniccontroloflaminatedpartscanhighlightinternaldiscontinuities place, having 
regard abouttheir origin(eitherinsufficientingotcuttingeitherdue tocoolingandthermal treatment 
of the material ). 
In  this  paperare  rendered  the  results  of  defects  barsDGScoal  millstype100 
determinations. 
 
2. RESEARCHES REGARDING ULTRASONIC DETERMINATION OF MATERIAL 
DEFECTS  OF  BARSCOAL  MILLSTYPE 100DGS.[1] 
 
DGS100millsbars(from Thermo Rovinari) are made of laminated steel (P460NH). 
The ultrasonicapplianceused to determine a bar defects(Fig.1)isoftype PHASOR XS. 
Work technique consists in the survey through reflection of the ultrasonic impulses, 
ultrasonic waves are reflected by the opposite surface of that probe is applied (bottom echo), 
or the inclusions area, or other defects which existing in metal (defect echo). The control is 
realized so that all the explored region points to be probed by continue moving of the probe. 
The  couplantwill  benormallytheoil,  whichensuresufficient  contactbetween  theflash 
andbararea.  The  barscan  be  controlledeither  immediatelyafterhot  rolling(beforethe 
annealingtreatment) or in alater stageof production. Inthe first case check ifthe oxide layeris 
welladherent, continuousand if is possible, palpatingahealthyregionof the bar, to distinguishat 
least  twoechoesbottomsuccession.Inthesecond  case,the  barsmust  undergopossiblybefore 
control,  of  apreliminarypreparation  surface(sanding,  polarization,  etc.),  ensuring  a  good 
contact  between  theprobesand  work  piece(in  orderto  obtainminimumtwosuccessivebottom 
echoes). 
The  used  controlwaves,  are  of  longitudinaltype,  andtheir  directionisperpendicular 
tothe probe surface. Probesare used with normaldiameterbetween 10 and24mm.Depending on 
thesituationsthat occur, the bars can be controlledusingfrequencies between2 and 6Mhz. 
Ultrasonic  testingofbarsis  doneby  moving  theprobeinthe  longitudinal  direction,  on 
theparallel  stripsofequal  widthandwiththat  of  theprobe,  until  the  entire  surfaceexploration. 
Forrectangular  sectionbarsthis  controlwas  performedon  one  of  thesurfaces,  thena  second, 
perpendicular to thefirst. 
The probethat workedincoal mills bars: of quartz 24mm. 
Examinationresultsare appreciatedby the shape, size and discontinuities arrangement, 
inaccordance  with  the  rulesof  acceptance  providedin  the  technical  documentationof  the 
product.The  barswhich  presentssplits,  cracks,  crowded  inclusions  or  with  the  tendencyof 
alignment, are notadmitted tothe reception. 
InFigures  2  and  3are  shownbars  havingfunctioned1500hoursand  which  must  be 
analyzedto  discoverarising  ultrasonicdefectsduring  operation.Transducerswere 
usednormal(perpendicular to 90°) and inclinedtransducers(to an angle of45º). 
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Figure.2.BareofDGS100millsthat werein working. 
 
 
 
Figure.3.BareofDGS100millsthat werein working. 
 
 
 
Figure.4. Assessment curve (1 mm) and the reference curve (2 mm)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The transducer with inclined angle of 45 º allows the identifying of defects until the 
parts edges of controlled that which a normal transducer of 90 ° is not possible because it does 
not 'see' the last 2 mm of piece. 
In order the pieceto be declaredgoodallechoesregistered(Fig. 4) by thedevicemust not 
exceed2 mm. 
 
 
 
Figure.5.Defectlinear 
 
           InFigure 5there is shown a found defectat a depth of20mm fromthe upper edgeof the 
piece,defect  that  exceeding  thereferencecurvewith  2mm. 
           Linear  indication  declareddefectin  Figure  5isin  the  reality  a  string  ofexcessive 
elongatedgranulates  at  rolling  (non-compliant  deformation  process). 
          Suchdefectproduces  abreakingof  the  barinthe  first  100hours  of  working. 
          The examined piececouldbeused 20hours of working but will beconsideredjetsamand 
will be replacewith a new one. 
 
InFigure 6are  represented thetwocurves  of referenceand evaluationfora  bar without 
defects. The bar isalsoevaluatedwith a transducer withinclinedanglewithtwo 
bottom echoes. 
The life time ofDGS 100coal millsbarsfromRovinari Thermo is80000-100000hours of 
operationwithoutbreakingonly with theuse. 
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Figure.6Reference an evaluation curves for a bar without defects 
 
3.CONCLUSIONS 
 
The  results  of  research  regarding  on  the  defectoscpic  study  with  ultrasonic  of  a 
landmarks how is the case ofthe bars from type DGS 100 mills, it shows that the detection of 
possible defects constitutes an effective way of avoiding some interrupting in the working of 
this machinery and of the related production losses. 
Size, orientation and location of faults can be done more accurately using the phasor.This is 
because the following reasons: 
-In phasor technique the transducer is made of several crystals-16 in this case, which makes at the 
geometrical place of  the maximum sonic pressure of points to be a plan and not a right; 
-  Moving  from  one-dimensional  to  two-dimensional  determines  the  increase  of  thr  detection 
probability by substantially reducing of the unfavorable orientation grade of possible reflectors; 
-  The mobility  of the transducer  is  a three-dimensional; the variation of the  incidence angle is 
achieved through the equipment and requires no manual movement of the transducer as it does when 
at the using of conventional transducers; 
-  Respecting  the  principle  of  Huyghens,  equivalent  sonogram  being  one  spatial,the  propagation 
surface  being  higher  and  the  number  of  points  that  becomes  spreading  centers  from  where, 
isnoticeably higher. 
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NONDESTRUCTIVE INVESTIGATION METHODS 
FOR MECHANICAL EQUIPMENT: THERMAL & ULTRASOUND 
 
Ing. Marius POPOVICI, General Manager, MICRONIX PLUS SRL, 
mpopovici@micronix.ro 
 
Abstract. Maintenance of mechanical equipment based on NDT methods has seen unprecedented development in 
recent years due to the many advantages these methods: investigations are done remotely, without putting the 
operator at risk and monitoring mechanical equipment can highlight potential problems that can be detected 
long  before  they  escalate  into  serious  fault.  Well-regarded  inspection  tools  include  thermal  inspections, 
vibration analysis, oil and ultrasound analysis.  
 
Keywords: infrared cameras, thermovision, thermography, ultrasound, maintenance of mechanical equipment 
 
MICRONIX Plus, FLIR Systems and UESystems representative for Romania, offers a 
full range of thermal cameras and equipment for ultrasonic non-destructive investigation of 
mechanical installations.  
The  chart  below  illustrates  the  defect  moments  that  can  be  highlighted  by  using 
different inspection technologies. As shown, ultrasonic technology can be used both in the 
PROACTIVE (before the advent defect due to improper use) and in prediction with infrared 
scanning technology (IR). 
 
Proactive
Domain 
F
Predictive
Domain
Fault
Domain 
P2
P3
P5
P6
P4
P1 P
Start Failure 
Vibration 
Oil analysis
Audible noise
Contact heat 
Infrared 
Structure Borne 
Ultrasound 
Max time for planning
 
 
Any body with temperature above the 0Kelvin will emit IR radiation. The energy emitted 
depends on the temperature and the emission properties of the examined body.  
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In the case of mechanical equipments, failure is usual inside of the housing and the 
infrared camera can ―see‖ the thermal pattern at the body surface due to heat transfer by 
conduction. This is essential in the analysis because the operator must take into consideration 
that temperature value measured on the outer surface may be a few tens of degrees lower than 
the real temperature of the mechanical problem. 
IR thermal inspections are accurate, rational, intuitively interpretable, nondestructive, 
noninvasive, noncontact, and fast. They provide instant images and data that are immediately 
usable in reports, and they can be easily archived to maintain a trending study of performance, 
which  in  turn  may  be  used  to  project  time-to-failure,  enabling  optimal  scheduling  of 
maintenance, based on actual operating condition, and preempting catastrophic failure [1].  
Preventive maintenance is not just a matter of organisation: it also requires knowledge 
and the efficient handling of gathered information. A suitable thermal imaging camera helps 
in both of these areas, with an impact which makes itself abundantly clear in the cost-benefit 
analysis. 
Thermography, among other things, reveals and measures heat generation in machines 
and installations. It visualises overheated components and detects and prevents "creeping" 
breakdowns. It has become a familiar and accepted technique for preventive maintenance. 
What is less well known, however, is that the consistent, large-scale use of thermography can 
yield impressive savings. 
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FLIR Series-E / Compact Infrared Cameras with On-board Visual  
Camera, Wi-Fi Connectivity, P-i-P and Bright LED Light 
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Presenting the best performance and value in compact thermal imaging cameras ever, 
designed to fit beautifully into your IR inspection program, budget, and the palm of your 
hand.  
 
E-Series cameras offer: 
 Superior Thermal Imaging – Up to 76,800 pixels (320 × 240) for 
better long-range accuracy and the highest level of point & shoot 
camera IR resolution 
 Improved  Digital  Camera  –  3.1  megapixel  resolution  provides 
clearest visible light pictures in its class and includes bright LED 
lamp that doubles as a fashlight (2 megapixel for E30 model 
 Wi-Fi Connectivity - Send images and data to an Apple or Android 
mobile device to create and share reports and critical information quickly using the FLIR 
Tools Mobile App. 
 Measure More than Temperature with MeterLink™ - Quantify the severity of electrical 
problems with Extech MeterLink clamp meters that use Bluetooth wireless communication 
to send data to the camera for annotation on stored thermal images. 
 Large Landscape Touchscreen - Brighter than other brands, the FLIR E-Series touchscreen 
provides an intuitive interface that takes full advantage of the entire 3.5‖ display with no 
image cropping. 
 Multiple Measurements - Add up to three box areas and three moveable spots using the 
touchscreen to gather more detailed temperature information. 
 
FLIR T620 & T640  
 
High performance thermal imaging with on-board 5MP 
visual  camera,  interchangeable  lens  options  with 
autofocus, and large 4.3" touchscreen LCD 
These thermal cameras combine excellent ergonomics 
with  superior  image  quality,  providing  the  ultimate 
image  clarity  and  accuracy  plus  extensive 
communication possibilities: 
 Highest IR Resolution in Its Class – Crisp thermal images with 307,200 pixels (640 × 480) 
for the best detection, pictures, and temperature measurements from long range  
 New!  MSX™  Enhancement  –  Multi-Spectral  Dynamic  Imaging  adds  visible  spectrum 
definition  to  IR  images  in  real  time  for  excellent 
thermal  detail  that  instantly  highlights  problem 
locations (T640 only) 
 New!  Field  of  View  (FOV)  Match  –  Option  to 
match  the  visible  camera  field  of  view  to  the  IR 
FOV for better documentation 
 Wi-Fi  Connectivity  –  Send  images  and  data  to 
smartphones  and  tablets  and  share  critical 
information quickly with the FLIR Tools Mobile for    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Apple® and Android™, featuring live video streaming and remote control via the mobile 
device 
 High Temperature Range – measures up to 2000°C targeting applications   
 Scalable P-i-P and Thermal Fusion – Blend thermal with visible light images on-screen; 
includes picture-in-picture window sizing 
 Multiple Measurements – Report all the details with 10 measurement spots, 5 box areas, 
Delta T temperature differential, isotherm, and auto hot/cold markers METERLiNK® 
 Wirelessly transmit vital diagnostic data from clamp and moisture meters directly to the 
camera for annotating thermal images to further support findings and decisions 
 Annotation  –  Add  voice  comments  via  Bluetooth  headset  and  text  notes  from  the 
touchscreen keypad. New! T640 has image sketch feature to draw circles and pointers on 
IR/Visual stored images 
 InstantReport – Create PDF document directly from the camera 
 
                     
   Picture-in-Picture                         Real image                      IR image                      Thermal Fusion 
 
 
 
COMMON USES OF AIRBORNE AND STRUCTUREBORNE ULTRASOUND 
TECHNOLOGY [2] 
 
Sound is not directional and penetrates solid materials, making it difficult to locate. 
Ultrasound is defined from 20kHz to 100kHz and has the following advantages:  
  Very directional 
  Reflects on solid materials and does not penetrate 
  Reduces in strength, making source locating easy  
  We can use the information for condition evaluation 
 
Applications: 
 
Valves  
Valve  activity  such  as  leakage  or  blockage  can  be 
accurately checked while the valve is on line. Properly 
seated valves are relatively quiet while leaking valves 
produce a turbulent flow as the fluid moves from the 
high pressure side through the leak to the low pressure 
side. Due to a wide sensitivity and ultrasonic frequency 
selection range, all types of valves even in noisy environments can be accurately tested.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Pressure/Vacuum Leaks  
As any gas (air, oxygen, nitrogen, etc.) passes through a leak orifice, it generates a turbulent 
flow  with  detectable  high  frequency  components.  By  scanning  the  test  area  with  an 
Ultraprobe, a leak can  be heard through the headset  as  a rushing sound or noted on the 
display/meter. The closer the instrument is to the leak, the louder the rushing sound and the 
higher the reading. Should ambient noise be a problem, a rubber focusing probe may be used 
to narrow the instrument’s reception field and to shield it from conflicting ultrasounds. In 
addition,  Frequency  Tuning  (available  in  most  models)  dramatically  reduces  background 
noise interference to provide ease of ultrasonic leak detection as never before experienced. 
Steam Trap Inspection  
Major steam trap manufacturers have recommended ultrasound inspection of steam traps as 
one  of  the  most  reliable  methods  available.  By  converting  the  ultrasonic  elements  of  a 
working  steam  trap  into  the  audible  range,  Ultraprobe®  allows  users  to  hear  through 
headphones and see on a display/ meter the exact condition of a steam trap while it is on line. 
Blow-by, machine gunning, oversized traps or line blockage are all easily detected. Frequency 
tuning  enhances  Ultraprobe’s  ability  to  discriminate  between  condensate  and  steam. 
Ultraprobe® markedly reduces confusion from extraneous sounds or from heat transfer, even 
when traps are extremely close together. 
 
Bearing Inspection/Monitoring 
Bearing  Inspection/Monitoring  Ultraprobe®  detects  the  earliest  stage  of  bearing  failure. 
NASA research has demonstrated that ultrasound bearing monitoring will locate potential 
bearing failure long before it is detected by traditional heat and vibration methods. With the 
Ultraprobe, users hear the sound quality of a bearing as well as monitor amplitude changes on 
the display/ meter. This provides the ability to  trend, trouble shoot and confirm potential 
bearing problems. Bearing inspection is easy with the Ultraprobe®. Requiring only one test 
point  and  very  little  training,  users  will  learn  to  test  bearings  within  minutes.  Frequency 
Tuning makes it easy to tune into a bearing and isolate it for analysis regardless of competing 
signals. Even current vibration programs will achieve enhanced diagnostic ability with an 
Ultraprobe®. Most vibration analyzers are easily connected to an Ultraprobe. 
 
Prevent over-lubrication  
with the Ultraprobe® 2000 by simply lubricating only until the meter reaches as pecified 
level. Over lubrication is one of the most common causes of bearing failure.  
Using ultrasound technology for trending bearing condition: 
 Indicating early warning of failure 
 Identifying lubrication condition  
 Avoiding over lubrication  
 
Works also on slow moving bearings or sloe bearings! 
Friction between mechanical components will cause a sound energy 
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The dB levels can be used to evaluate condition in the 
route-based data colletion principle with help of DMS 
software:  
 Baseline +8dB   = Lubrication alarm 
 Baseline +12dB = microscopic damage  
 Baseline +16dB = visual damage 
 
 
General Mechanical Inspection  
of pumps, motors, compressors, gears & gear boxes: All types of operating equipment may be 
inspected  with  an  Ultraprobe®.  Since  Ultraprobe  works  in  a  high  frequency,  short  wave 
environment, problems such as cavitation in pumps, compressor valve leakage or missing 
gear teeth may be heard and isolated.  
Ultraprobe’s  Frequency  Tuning  allows  users  to  quickly  ―tune  in‖  to  problem  sounds  and 
recognize them with little previous experience due to the clarity of the heterodyned signal. 
 
Heat Exchangers,Boilers & Condensers 
In-leakage or pressure leakage can be readily located with the Ultraprobe. Fittings, valves, 
flanges  are  all  easily  scanned  for  leakage.  The  high  frequency,  short  wave  nature  of 
ultrasound allows operators to pinpoint the location of a leak in high noise environments. 
Condenser tubes and heat exchanger tubes may be tested for leakage through three methods: 
vacuum, pressure, ultratone. 
 
Vacuum. The tube sheet is scanned for the tell-tale rushing sound produced as the leak draws 
air into the tube. 
 
Pressure.  Additional  testing  may  be  performed  when  the  system  is  off-line  utilizing  air 
pressure  around  the  tube  bundle  and  scanning  for  the  rushing  sound  produced  from  the 
leaking tube. 
 
Ultratone. A unique method that is also employed for heat exchangers is the ―Ultratone‖ 
method in which a powerful high frequency transmitter floods the shell side of the exchanger 
with ultrasound. The generated sound will follow the leak path through the tube. A scan of the 
tube sheet will indicate the leaking tube. 
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Abstract: The 3D stereophotogrammetric scanning and 3D modeling technique used to process close range 
photographs and 3D reconstructions have increased in their capability and ease of use and decreased in cost. 
Close range stereophotogrammetric scanning is the most cost- effective solution in this domain but has some 
drawbacks.  The  paper  analyses  some  characteristics  of  this  technique  approaching  the  scanning  and  3D 
reconstruction of some peculiar objects with different indentations. There have been observed some difficulties 
in reproducing the exact details: some blind holes, threads and other indentations do not appear on the 3D mesh 
models but appear on the textured models.  
 
Key words:  stereophotogrammetry, single camera, 3D modeling, indentations. 
 
 
1.INTRODUCTION 
   
The increase of interest in generating digital 3D reconstructions using digital cameras 
and increasing capabilities of processing software have expanded the variety of domains to 
which photogrammetric scanning may be applied. This evolution permitted simultaneously 
the  decreasing  of  the  costs  of  acquisition,  processing,  and  analysis  of  3D  scanning  and 
reconstruction. 
  A  variety  of  specialists  such  as  engineers,  bioengineers,  archaeologists, 
paleontologists,  hydrologists  etc.  can  benefit  from  3D  products  derived  from  modern 
photogrammetric techniques [1, 2, 3].   
  Photogrammetry can be classified after camera position during photography. On this 
classification there are: 
 Close-range photogrammetry (used in this paper); 
  Aerial photogrammetry (or remote sensing).  
  Close-range photogrammetry is the technology of obtaining information about objects 
and the environment by recording, measuring, and processing photographic images. Taking 
photographs is a process that transforms the 3D real objects or scenes into flat 2D images.  In 
this case, the digital camera is the device that transforms 3D objects to 2D objects or scenes.  
  Photogrammetry  or  more  precisely  stereophotogrammetry  may  be  considered  the 
reverse of the normal photographic process transforming the 2D images into 3D models.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  Stereophotogrammetry, involves determination of the three-dimensional coordinates 
of points on an object by means of processing software. Common points are identified on 
each  image  and  using  triangulation  the  three-dimensional  locations  of  the  points  are 
computed.  Different  sophisticated  algorithms  are  used  allowing  the  reconstruction  of  3D 
coordinates from one or multiple cameras. 
  In  this  approach,  some  objects  with  simple  geometry  were  scanned  using  single 
camera stereophotogrammetry technique and reconstructed and the results were discussed. 
Reconstruction  was  performed  using  commercial  photogrammetric  software.  The  simple 
objects  studied  had  holes,  blind  holes,  thread  (equivalent  to  helicoidal  indentations)  and 
different indentations and furnished details about the characteristics of the reconstruction of 
some types of geometrical shapes. 
 
 
2.METHOD AND MATERIAL 
 
  In this study, a photogrammetric technique was approached in order to scan and to 
reconstruct 3D models. The photogrammetric technique includes software capable to calibrate 
cameras and to determine the position of the camera when shooting photos. This scanning 
method is  able to  digitize objects  with  any digital  camera. When shooting an object,  the 
number of required shots should be about between 20 and 40 or more and the surfaces should 
be permanently in focus and lit with diffuse illumination. 
  After taking photos, computer programs (known as scanning software) are used to 
perform the 3D digital reconstruction. The main goals of the 3D scanning software are to 
import  the  photos  from  the  digital  camera,  to  eliminate  the  background  details  and  to 
transform 2D photos into 3D digital model. 
  The scanning software compares photos patch by patch to find the matches and when 
these matches are found, the position data of the photographs is used to assemble the patches 
in  3D space.  Some algorithms  can  process information  about  the object  allowing the 3D 
reconstructions of 3D coordinates from only one camera.  
  A study was performed in order to test the feasibility of the photogrammetric scanning 
method using single camera in the case of different objects and shapes. A commercial digital 
camera was used (Cannon SX 200 IS) together with a photogrammetric software (3DSOM) in 
order to reconstruct different 3D models. Objects were scanned, reconstructed and discussed 
in order to evaluate the characteristics and the limits of the application of this technique in 
different domains. 
 
3. RESULTS  
 
A. Cylindrical hole reconstruction 
  An object with an inner cylindrical hole as in Figure 1 was scanned and reconstructed 
in three solutions, presented in Figure 2: 3D mesh model (left), 3D shaded model (center) and 
textured model (right). Figure 1 contains the calibration grid necessary for 3D reconstruction.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 1. Object with cylindrical hole 
   
         
Figure 2. The 3D mesh (left) shaded (center) and textured model (right) 
 
            
B. Reconstruction of a hexagonal object with blind hole and screw thread 
  An hexagonal object (30 mm between flats) with cylindrical blind hole (ϕ 20) and 
thread (M 24) was scanned (Figure 3) and reconstructed as in Figure 4, having 3D mesh 
model in left side, shaded model in center and textured model in the right. 
  
 
 
Figure 3. Hexagonal object with blind hole and thread 
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Figure 4. The 3D mesh model (left) shaded model (center) and textured model (right) 
 
   
C. Reconstruction of a connector shell 
  An object with multiple edges and indentations like in Figure 5, with the overall 
dimensions drawings 40x40x8 mm, was scanned and reconstructed in three solutions as in 
Figure 6, in order to understand the 3D reconstruction characteristics. 
 
 
Figure 5. Connector shell 
 
                           
 
      
Figure 6. The 3D mesh model (left) shaded model (center) and textured model (right) 
 
D. Reconstruction of a long cylindrical through hole  
  A shiny object with an inner ϕ 7 cylindrical through hole (Figure 7, front and top 
views) was scanned and reconstructed in three solutions as in Figure 8 in order to understand 
the reconstruction characteristics. 
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Figure 7. Shiny object with through hole (front and top views) 
 
 
 
 
 
Figure 8. The 3D mesh model (left) shaded model (center) and textured model (right) 
 
 
4.DISCUSSION   
   
Each 3D scanning technology has its advantages, limitations, and costs. According to photo-
based scanning technique producers [4, 5, 6] this technology has some limitations in the kind 
of objects that can be digitized: 
 - Shiny, mirroring or transparent objects; 
 - Moving objects; 
 - Objects with indentations; 
  The results of this study on some small objects show that the cylindrical hole studied 
in Figure 1 is determined and revealed in all 3D reconstructed models. The reconstructed 3D 
mesh and the shaded model have some imperfections (as in Figure 2, left and center) but the 
3D textured model from Figure 2, right, looks close to the real model.  
  Blind  holes  of  objects  from  Figure  3  and  Figure  6  are  impossible  to  be  revealed 
directly. The reconstructed 3D meshes show no blind holes. Also the 3D shaded models show   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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no blind holes. But the 3D textured models show the blind holes being very close to real 
model. In this case, the texture creates the illusion of the presence of the blind holes. Also the 
raised  helical  rib  going  around  a  screw  in  Figure  3  is  revealed  only  in  the  textured 
reconstruction from Figure 4 right). 
  The reconstruction of the shell  from  Figure  5  shows  that sharp edges are slightly 
filleted and a lot of details are missing as in Figure 6, left and center. Only the textured model 
from Figure 6 creates the illusion of a perfect reconstruction. The scanning was performed 
taking  only  20  photographs.  An  improved  model  may  be  obtained  by  taking  more 
photographs. 
  In order to obtain a better 3D mesh model there are necessary some image processing 
phases, eventually with other 3D software to create the existing indentations. 
 
5.CONCLUSIONS 
   
Photogrammetric scanning technique became one of the most cost-effective solutions 
for the 3D modeling of small objects. During 3D reconstruction, there have been observed 
some difficulties in reproducing the exact details: some blind holes and indentations will not 
appear on the 3D mesh model. Also, shiny, mirroring, transparent or moving objects are very 
difficult to be reconstructed.  
  There are multiple ways to overcome or cope with these problems. Some of these 
drawbacks  may  be  solved  using  more  pictures  during  scanning  but  the  best  results  are 
obtained using supplementary CAD software and Boolean functions. 
  A lot of photo-based software has a number of manual and automatic tools to modify 
and to improve the 3D model. Using these tools or other software for editing it is possible to 
push the surface inwards in order to create an indentation or to pull the surface out to create a 
bump.  
  All these supplementary tools or additional processing software have as effect the 
extent  of  reconstruction  duration  and  probably  the  cost  of  3D  modeling.  Despite  these 
disadvantages,  the  photogrammetric  scanning  technique,  with  its  low  acquisition  cost, 
noninvasive character and ease of use make it useful for different industrial, architectural, 
archaeological and medical applications [7].  
  The last years evolution of photographic cameras with electronic image sensors and 
increasing performances of computers and processing software have expanded the variety of 
domains to which photogrammetry may be applied, producing simultaneously the decrease of 
the costs of acquisition, processing, and analysis. 
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Abstract: New cost effective scanning and modeling techniques are used today to process data acquisition and 
3D reconstruction in order to fabricate prostheses and orthoses by 3D printing. Paper approaches two scanning 
and 3D modeling techniques used in order to fabricate orthoses and prostheses. In this study, an artificial 
prosthetic ear was produced through 3D printing using two scanning techniques: structured light scanning 
technique and single camera stereo photogrammetric scanning technique. The processing phases are described 
and discussed from data acquisition to 3D printing. The surface scanning and 3D reconstruction techniques will 
continue to increase the accessibility of prostheses and orthoses, making them more cost-effective and more 
comfortable.  
 
Key words:  Structured light scanning, stereophotogrammetry, ear, 3D reconstruction, comparison 
 
 
1.INTRODUCTION 
   
The manual methods for creating customized prostheses and orthoses have many drawbacks 
including the intensive work, time-consuming and imprecise process which may affect the 
comfort of prostheses or orthoses. The use of the new computer aided technologies is often 
faster and decreases the amount of practitioner time required for each visit to patient.  
  Prostheses and orthoses manufacturing with computer aided technologies may include 
next main phases in connection with image processing and fabrication [1,2,3]: 
 3D Scanning; 
 3D digital model reconstruction; 
 Fabrication by Rapid Prototyping. 
1. Scanning 
There are a lot of commercial solutions for anatomic surface scanning (excluding internal 
tissues). Most known are: 
 Laser scanners; 
 Structured light scanners; 
 Scanners with video cameras and markers; 
 Stereophotogrammetry. 
2. 3D model reconstruction 
  Computer programs (known as scanning software) are used in scanning techniques to 
perform  3D  digital  construction.  The  main  processing  phases  of  the  3D  scanning  and   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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reconstruction software are to import the photos from the scanning device, to eliminate the 
artifacts and to transform the data into 3D digital model. 
3. Fabrication by Rapid Prototyping 
  CAD/CAM  and  Rapid  Prototyping  are  indispensable  tools  for  the  technological 
improvement in  the conception and manufacturing of customized prostheses  and orthoses 
[3,4]. 3D printing is  a low-cost  alternative to  traditional rapid  prototyping for fabricating 
customized components. 3D printing is a process of making 3D solid components from digital 
models using additive techniques and creating by laying successive layers of material.  
  The classic manual method of prosthetic ear manufacture consists of taking the ear 
impression and forming the mold by using hard dental stone. A wax model is prepared in this 
mold and finally the prosthesis is processed with silicone. This method may discomfort the 
patient and underlying tissues may distort. Also, the conventional method needs experienced 
technician and a long time for laboratory work. 
  Karatas et al [6] used computerized tomography of the skull in order to prepare the 
auricular prosthesis. This solution uses invasive radiations that may harm the body.  
  Ciocca and Scotti [7] proposed the use of Rapid Prototyping technique only in an 
intermediate  phase,  in  order  to  create  a  negative  mold  used  in  the  deﬁnitive  prosthesis 
fabrication. The authors developed a method to eliminate the use of conventional impressions 
and the necessity to depend on the artistic skills of an anaplastologist.  
  Liacouras et al [8] used an acquisition system consisting of 5 synchronized cameras 
and rapid prototyping to produce the mold for auricular prosthesis. Prosthesis fabrication and 
insertion that would usually require a week can now be accomplished in 1 to 2 days. 
  Sansoni  et  al  [9]  used  a  novel  approach  that  combines  a  laser  scanner,  reverse 
engineering  (RE)  and  rapid  prototyping  (RP)  for  mold  production  in  the  prosthetic 
reconstruction of facial prostheses. Depending on the material used for the actual prosthesis, 
the solutions can be used either to directly cast the final prosthesis or to fabricate the positive 
wax pattern.  
  Subburaj et al [10] proposed a procedure that involves ﬁve steps: 1. CT image data 
acquisition for deﬁcient and  contralateral ears;  2. reconstruction of the corresponding 3D 
models using medical modeling software; 3. design of the missing ear using a haptic CAD 
system; 4. fabrication of prosthesis master using RP system and 5. fabrication of the ﬁnal 
prosthesis using a mold made from the master. 
  In this paper we propose two ear shape extraction and reconstruction strategies in 
order to fabricate the reconstructed 3D model with a 3D printer. Multi-view ear images are 
firstly obtained and reconstructed using a structured light scanner and the associated software. 
Secondly, a single camera stereo photogrammetric scanning technique is used in order to 
extract ear shape and to reconstruct the 3D model with specific software.  
  Proposed scanning and reconstruction for ear fabrication strategies are the most cost 
effective and have only three major phases compared to known procedures: scanning, 3D 
image processing and 3D printing. Some characteristics of these strategies are discussed. 
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2.METHODS 
 
A structured light scanner was used to develop a 3D digital image of the existing ear of a 
patient. The image was mirrored and used to manufacture the prosthetic ear by means of a 
rapid prototyping machine. This procedure is time and cost effective.  
  These 3D scanners project patterns of light on the body using a video projector and the 
cameras  record the distorted pattern. They usually use several  pairs of cameras,  with  the 
images sent to software that calculates the binocular disparities between corresponding points 
in each pair of images. The 3D geometry is inferred using stereoscopy. They usually have 
several  pairs  of  cameras,  with  the  images  sent  to  software  that  calculates  the  binocular 
disparities  between  corresponding  points  in  each  pair  of  images  and  reconstructs  the  3D 
model. 
  The  second  scanning  technique  proposed  in  this  study,  the  single  camera 
photogrammetric technique uses a single camera. The technique includes software capable to 
calibrate cameras and to determine the position of the camera when picturing an image. This 
scanning method is able to digitize objects with any digital photo camera. When picturing an 
object, the number of required frame should be between 20 and 40 and the surfaces should be 
permanently in focus and lit with a diffuse illumination. 
The 3DSOM scanning software used in this study compares images patch by patch to 
find the matches and when these matches are found, the position data of the photographs is 
used to assemble the patches in the 3D space, performing a 3D digital reconstruction.  
Finally, the prosthetic ear is printed experimentally using the reconstructed 3D model 
and a cost effective 3D printer. 
 
3.RESULTS 
   
In the first approach, a study was performed in order to scan and to reconstruct the ear of a 
person using the structured light scanning technique. A commercial Artec MH scanner as in 
Figure 1 was used.  
 
 
 
Figure 1. The Artec MH scanner 
 
  The Artec MH 3D scanners use video camera technology and project structured light 
onto  the face of patient and capture  a multitude of frames.  Laser scanner works using  a 
triangle between the scanner lens, laser, and object being scanned. The frames are combined 
automatically (in the scanner software) into a single 3D mesh, in the 3D reconstruction phase.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The  mesh  represents  the  3D  surface  model  of  the  ear.  Figure  2  shows  the  3D 
reconstructed models made with   3D laser scanner software. The outputs are pmjx, ascii, 
pmh, obj, and stl files. The pmjx and ascii files are point clouds while obj, pmh, and stl are 
triangulated point clouds.  
  Figure 5 shows results of 3D scanning and 3D reconstruction performed with Artec 
scanner and with the associated software. In the final phase, the 3D model of the ear was 
transferred to the software of a 3D printer, BFB 3D type (Figure 3) in order to convert the 
CAD model to 3D print data 
 
               
 
Figure 2. The 3D model mesh of ear (left) and 3D shaded model (right) 
 
The BFB 3D Touch printer has multi-material free forming capabilities, 3D printing 
volume of 275x275x210mm³, and 125μm layer thickness. This printer is one of the most 
affordable 3D printers in its category and is on the market for about 3,000 euro. 
 
Figure 3. The 3D Printer used in ear fabrication 
 
  The printer use melting or softening material (ABS or PLA) to produce the layers of 
the object. Figure 4 shows the artificial ear created by the 3D printer. 
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Figure 4. Pictures of the artificial ear 
 
In the second approach, a photogrammetric scanning technique was used. It has two 
major advantages: it is the most cost-efficient (about ten times cheaper than laser or structured 
light  techniques)  and  does  not  use  disturbing  or  dangerous  light  (passive  method).  After 
picturing the ear using a calibration grid (Figure 5) the scanning software compares photos 
patch by patch and performs background elimination (Figure 6) and 3D reconstruction. After 
3D reconstruction (3D mesh and 3D shaded models, Figure 7), a series of image processing 
by using different CAD or graphic software are necessary in order to obtain the final form of 
prosthesis or orthesis. 
 
     
 
Figure 5. Picturing the ear 
 
   
        
 
Figure 6. Elimination of the background 
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Figure 7. The 3D mesh model (left) and the shaded model of ear (right) 
 
  The 3D mesh model necessary for further processing does not contain al necessary 
details, mainly the anatomic indentations. In this situation, the 3D model may be processed by 
carving, using a supplementary CAD software. But carving anatomic details is a tedious and 
time consuming operation.  
 
4. DISCUSSION 
   
The study approached an experimental fabrication of an artificial ear made of ABS in order to 
compare two fabrication strategies. The first one was the use of the structured light scanning 
and of the 3D printing and the second strategy, the use of the photogrammetric scanning and 
of the 3D printing. The first solution has as principal advantage the speed of processing steps 
and especially the speed of 3D reconstruction phase. The second solution, of photogrammetric 
scanning,  is  the  most  cost-effective  (about  ten  times  cheaper  than  the  first)  but  time 
consuming during the 3D reconstruction phase that needs supplementary software and a lot of 
modifications in order to reveal the indentations.  
  In a future approach, the 3D printing of the artificial ear should be made of a material 
that simulates  human tissues with  respect  to  texture, color, weight  and translucency. The 
material should feel soft and velvety to light finger pressure. Coloring of the artificial ear 
requires matching the complexion of the skin wearer of the prosthesis. 
  Based  on  the  results  of  this  study,  the  ear  should  be  fabricated  using  a 
stereolithography  machine  which  employs  a  liquid photopolymer,  the  Iflex  500  from 
EnvisionTEC. This material is commercially available but it is expensive.     
  Meantime, new advanced technologies have appeared proposing lifelike artificial ear 
made of living cells and built using 3D printing technology [11]. 
 
5.CONCLUSIONS 
   
The use of the new computer aided technologies is often faster and decreases the 
amount  of  practitioner  time  required  for  manufacturing  of  orthoses  or  prostheses.  New 
scanning techniques and 3D printers are available.  
  Practitioners  have  to  choose  between  cost  effective  scanning  techniques 
(photogrammetry) and fast processing scanning techniques but more expensive (structured 
light scanners or laser scanners).   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  Results  of  experimental  3D  scanning  and  3D  printing  showed  that  fabrication  of 
cosmetic artificial ears is actually fully feasible.   
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RESEARCH ON SURFACE ROUGHNESS IN TURNING THE 
CYLINDER LINERS IN AUTOMOTIVE CONSTRUCTION 
 
Marius  ZAMFIRACHE  
University of Craiova –Romania  
 
Abstract: This paper presents the results of some experimental research regarding the roughness of the surfaces 
for iron in the case of the turning process using tool carbide type K20. 
 
Key words: Cylinder shirts, iron,turning, roughness surfaces, linear functions, analysis regression. 
 
1.  INTRODUCTION 
 
Surfaces  roughness  in  machining,  is  of  greant  importante  in  the  optimal  functioning  of 
automotive engines. 
The common effort of the researcher and the specialists tend to the obtaining of the competitive 
products that can easily come in the international changes. Today, on the world market win that one 
witch can realize in a shortest possible time, with minimum expenses, high quality products and with 
reduced retail costs. 
In the special revue of international impact are gibed summary recommendations in the shape of 
charts, tables, and rarely, in the shape of linear relations, with chip regimes to the different alloys type 
process. 
Roughness, as a caracteristic factor of surface is determined by the parameters of the cutting 
system, the geometry of the tool, the material stucture, the rigidity of the tehnological system 
The paper presents the study of the cutting system influence upon the roughness of the processed 
surfaces. 
 
2. EXPERIMENTAL DATA 
 
Turning finishing of cilinder liners is one of the operations that must be done at a very low 
roughness. 
It is chosen as a model (to determine the roughness) a polithropical function dependent on the 
chipping parameters:  
Ra=aov*a1f*a2a*a3r
      (1) 
In table 1 there are presented mechanical properties of the researched material. 
Table 1 
 
Fonte 
 
Rm(N/mm
2) 
 
E(N/mm
2) 
EN-GJL-200 
EN-GJL-300 
200…300 
300…400 
88…118 
108…137 
 
The considered cutting tools were represented by carbon plates type: K20-ordinary tool. The 
geometric  parameters  of  the  considered  tools  are  characterized  by:    =  6,    =5,  T  =  0,  r  = 
10(ordinary tool, fig.1, fig.2).  
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Fig.1 
 
 
Fig.2 
 
The  levels  of  the  natural  variants  v,  f,ap,  and  r  are  in  geometric  progression.  Eighteen 
experiments were realized by using the special methodology of the planning of experiments.  
The leves of the variables are presented in table 2. 
 
Table 2 
Symbol  Code  -1  0  +1 
v(m/min)  X1  60  85  120 
f(mm/rot)  X2  0.1  0.14  0.2 
ap(mm)  X3  0.5  0.9  1.5 
r  X4  0.4  0.8  1.6   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The measurement results are shoron in table 3. 
 
Table 3 
Type  Cod levels values  Roughness Ra(m) 
Xj  X1  X2  X3  X4  EN-GJL-200 
-K20 
EN-GJL-300 
-K20
 
1  -1  -1  -1  -1  2.5  2.8 
2  +1  -1  -1  +1  2.6  .2.9 
3  -1  +1  -1  +1  4.5  4.8 
4  +1  +1  -1  -1  4.2  4.7 
5  -1  -1  +1  +1  2.9  3.5 
6  +1  -1  +1  -1  2.9  3.5 
7  -1  +1  +1  -1  5.9  5.4 
8  +1  +1  +1  +1  5.8  5.2 
9  0  0  0  0  2.7  2.2 
10  0  0  0  0  2.6  2.1 
11  0  0  0  0  2.7  2.2 
12  0  0  0  0  2.7  2.2 
 
 
In order to determine the roughness of the considered surfaces a special system consisting of a 
SURF Test 201. 
 
3. ANALYZING THE EXPERMENTAL DATA 
 
For example in the iron, the elements characterized by the Ra functions are presented regression 
indicators are shown in table 4 (turning tool ordinary).  
RESULTS OF THE REGRESSION ANALYSIS 
R
*=0.414<1== Adequate model. 
Significant coefficients 
R0=486.39>1 == significant variable,  
R1=0.20<1 ==non-significant variable 
R2=5.54>1 == significant variable 
R3=0.18<1 ==non-significant variable 
R4=0.24<1 ==non-significant variable 
Table 4 
Nr. 
exp. 
Measured 
values(Ra) 
Calculated 
Values(Ra) 
Abs. 
errors 
Rel. 
Errors 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
 
2.9 
2.9 
3.8 
3.7 
2.5 
2.4 
5.4 
5.2 
2.2 
2.1 
2.2 
2.2 
2.121 
1.974 
4.346 
4.214 
2.948 
2.787 
5.732 
5.590 
2.682 
2.538 
2.145 
2.826 
 
0.08 
0.13 
0.04 
0.29 
0.05 
0.01 
0.07 
0.16 
-0.38 
-0.39 
-0.27 
-0.83 
 
3.57 
6.00 
7.03 
5.19 
2.62 
         0.70 
1.79 
4.26 
-16.63 
-18.04 
-14.10 
-20.65 
           Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
251 
Using computing REGS programs the following functions were determined:  
 
Ra=0.065v*4.3.91f*4.430a*1.204*r
        (2) 
 
1.  CONCLUSIONS  
 
In most cases, every SA-MP couple and for every Ra value the f, v, ap, r parameters 
are significant variables, the cutting depth ap is determined and the cutting velocity has a 
minimum  influence  (R2>R1>R3>R4).  The  influence  factors  over  the  Ra  values  are:  the 
advance, the cutting velocity, the cutting depth, the r. 
 
 REFERENCES 
 
1. Gheorghe, M., Stancescu, C., Draganescu, F., Algorithm and computer program to determine multiple 
variables regression functions, B.I.P., Bucharest., p.176-189, 1985.  
2.Minciu, C., Strajescu, E., Zamfirache,M. , The cutting capacity of the turning tols at the titan 
alloys machining , University of Maribor-Slovenia, Faculty of Tehnical Sciences, 26 oct., 1994. 
3.Enache, S., Strajescu, E., Minciu, C., Zamfirache, M., Mathematical model for the establisment 
of the materials machinability,: CIRP Anals, pag.79-82, vol. 44/1, 1995.  
4. Zamfirache, M., Machinability of titanium alloys by turning, University Publishing Craiova, 1996.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
252 
RESEARCH REGARDUNG THE TOOLS WEAR ON TURNING THE 
TITANUM ALLOUS 
 
Marius ZAMFIRACHE University of Craiova, Romania 
 
Abstract:  This  paper  contains  the  experimental  program  for  establising  the  workability  functions 
regarding the on turning the titanum allous and the results of the experimental reserch on machining tree 
materials. 
 
Keywords: Titanum Allous, tools wear,  non linear functions, analysis regression. 
 
1.INTRODUCTION 
 
The  experiments  statistical  schedule  together  with  the  multiple  regression  and 
spreading  analysis  form  the  answer  surfaces,  method.  Regarding  this  metod  in  the 
dimensional  space  n  variables,  the  points  cluster  wich  represent  the  answers  out  of  the 
process, form an answer surface.The above mentioned method allows the separate estimation 
of the process  parameters effect  and interaction, although within the experiment  they are 
simultaneously changed. 
 
2.EXPERIMENTAL DATA 
 
The chemical characteristics titanium alloys presented: TiAl6V4(Ti%=90, Al%=6, V%=4); 
TiAlf5Fe2,5(Ti=92.5,Al%=5,  Fe%2,5);  TiMo32(Ti%=68,  Mo%=32)  and  presented  mechanical 
properties of researched material: TiAl6V4(930MPa,355HB); TiAl5Fe2,5(920MPa,300HB); TiMo32 
(950Mpa, 320HB)   
  The considered cutting  tools  were  represented by  carbon  plates type  K20. The  geometric 
parameters  of the considered  tools  are  characterized  by:    =  6,    =5,  T  =  0,  r  =  70,  r
i
  = 
10(ordinary tool) and   = 6,  = -5, T =-60, r = 70(tool without point, fig.1). 
 The levels of the natural variants v, f, ap and  are in geometric progression.  
Eighteen  experiments  were  realized  by  using  the  special  methodology  of  the  planning  of 
experiments. The leves of the variables are presented in table 1. 
 
Table 1 
Symbol  Code  -1  0  +1 
v(m/min)  X1  60  85  120 
f(mm/rot)  X2  0.1  0.14  0.2 
ap(mm)  X3  0.5  0.8  1 
(min)  X4  1
i  1.25
i  2
i 
 
Dependent of the chiping parameters is: 
VB=a0v
a1f
a2a
a3
a4    (1) 
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Fig.1.Tool witout pointh 
 
3.ANALYZING THE EXPERMENTAL DATA 
 
The wear parameters VB of the forward turning cutters are measured with a universal 
microscope.  The  measurements  are  shown  in  table  2(  ordinary  turning  tool)  and  table 
3(turning tool without point) . 
 
Table 2 
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Table 3 
 
 
For example, the elements characterized the VB functions are presented regression 
indicators are shown in table 4 (ordinary turning tool) and in table 5 (turning tool without 
point).  
RESULTS OF THE REGRESSION ANALYSIS 
R
*=0.268<1== Adequate model. 
Significant coefficients 
R0=255.67>1 == significant variable  
R1=0.37<1 ==non-significant variable 
R2=0.11<1 == significant non.variable 
R3=0.50<1 == significant non.variable 
R4<0.01>1 == significant non.variable 
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The wear function are indicated in relation: 
VB=-2.356v
0.227f
0.126a
0.263
0.02(Turning TiAl6V4-tool ordinary K20)   (2) 
RESULTS OF THE REGRESSION ANALYSIS 
R
*=0.148<1== Adequate model. 
Significant coefficients 
R0=250.68>1 == significant variable  R1=0.36<1==non-significant variable 
R2=0.12<1 == significant non.variable   R3=0.52<1 == significant non.variable 
R4<0.01>1 == significant non.variable 
 
Table 5 
 
 
The wear function are indicated in relation: 
 
VB=-3.234v
0.347f
0.140a
0.284
0.077(Turning TiAl6V4- tool without point K20)  (3) 
 
4.CONCLUSION 
 
 It could be concluded that, on the basis of my own researches, there were determined 
the wear function on turning for the 3 titanium alloys, these relation could be used directly in 
practice or used to calculate the chipping optimum speed for imposed of durability and wear. 
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       Abstract:        The continuous damage of the used fuel quality, of its dispersion due to the increasing 
viscosity, make necessary the volume expansion and the rise of the e electric spark power used at ignition. A 
similar situation appears to the transition of the generator operation from the marine Diesel heavy fuel to the 
residues of water-fuel mixture. So, it feels like using an ignition system with high specific energy and power able 
to perform the starting and burning of the fuels mentioned above.  Such a system is that which uses a low 
temperature plasma jet. Its use involves obtaining a high temperature area round about the jet, with a high 
discharge power, extending the possibility of obtaining a constant burning of different concentration (density) 
mixtures. Besides the action of the temperature of the air-fuel mixture, the plasma jet raises the rate of oxidation 
reaction as a result of appearance of lot number of active centers such as loaded molecules, atoms, ions, free 
radicals  
 
Keywords: fuel, viscosity, burning, plasma jet. 
 
1. INTRODUCTION 
 
The ignition of air-fuel mixtures in the burning points of marine team generators is 
performed  under  certain  conditions  of  temperature  and  pressure,  usually  from  an  energy 
(power) source formed of an electric spark of high voltage 10-15 kV. 
The reaction taking place at the level of swirling plasma jet lead to the generation of 
an  overbalance  concentration  of  atoms  and  free  radicals  (H,  CH3,  O,  OH)  and  to  large 
quantities of products which couldn’t  change (couldn’t take part in the oxidation reaction), 
such as CO, H2.  
The use of plasma jet for ignition and burning reduces the ignition delay time, raises 
the fuel combustion (burning) speed, giving stability to burning. As a feature of combustion 
process of hydrocarbons in the plasma jet is that their burning assumes the performance of 
thermal pyrolysis and dissociation (decomposition) as well as the generation of nitric acid and 
some cyanide components in the combustion products. At the plasma temperature of 3000° K 
the  essential  reactions  lead  to  an  overbalance  of  hydrogen  atoms  as  part  of  the 
plasmochemical reactions. 
It can assume that, in case of the plasmochemical reactions, a high swirling burning is 
generated  at  the  level  of  plasma  jet  (plasma-fuel),  containing  a  large  quantity  of  active 
products,  having  in  the  same  time  a  high  temperature  and  a  direct  influence  upon  the 
hydrocarbon oxidation in the air-fuel mixture. 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
257 
2. THE PHYSICO-CHEMICAL PRINCIPLES OF BURNING START UNDER THE 
PLASMA JET OF OIL FUELS 
 
Through the heat conducted (transmitted) by the plasma jet to the burning fuel, its combustion 
speed rises, due to the intensification (enhancement) of heat transfer (flow) from the jet to the 
air-fuel mixture. It is of interest the general case, namely, the heat action of plasma jet at the 
burning of one oil fuel drop. The burning/combustion process of a drop includes three distinct 
stages: 
-  self-ignition  delay  generated  by  heat  transfer  (flow)  to  the  drop  till  the  reacting 
boiling point (temperature); 
-  burning of transient (volatile) components in the drop and generation of ecosphere; 
-  the cenosphere burning; provided that the heat transfer from them environment to 
the drop is performed by convection and radiation; the drop temperature can be 
determined by the following formula: 
-   
] h h
dk
) T T .( N .
[
c . d .
6
dt
dT
2 1
k g u g
pk k k
k  
 

 ;        (1) 
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 ;       (2) 
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5
1 d .
p
. I . 10 . 6 , 4 h


 ;        ) T T .( a . . a h
4
k
4
g k g 2   ;       (3) 
 
where: 
rk, dk – are the density and the diameter of the drop; 
cpk – thermal conductivity of fuel; 
lt – thermo conductibility coefficient of the environment; 
mt – viscosity; 
I – heat intensity of plasma jet; 
p – pressure; 
s – Stefan Bolhzman  constant; 
ag – air emission factor from the determination stand; 
ak – the blackening degree of drop surface ak=0.05-0.30 for heavy fuels. 
 
The variation of drop diameter as a result of the evaporation and burning processes of the 
volatiles can be expressed by: 
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] h h
d
) T T ( N .
.[
N .
2
dt
dd
2 1
k
k g u g
u k
k  
 


 ;        (4) 
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where: 
cpg – is the thermal conductivity of fuel vapors at p=ct;  
HN – heat necessary for fuel vaporization. 
 
The temperature of the drop can be determined by: 
 
] )
d
d
( 1 [ K T T
3
k
k
p f k
0
    ;          (6) 
 
where: 
Tf – boiling temperature; 
kp – factor of proportionality; 
dko – the initial diameter of drop; 
 
Supposing that the burning of coke formed is developed on the entire surface of the drop and 
from the point of view of physical phenomenon it is an oxidation of carbon, we can write: 
 
2 o x
cox
cox C . k .
75 . o
dt
dd

 ;            (7) 
 
where: 
kx – is the constant of chemical reaction rate; 
dcox, rcox – the diameter and the density of coke particles; 
Co2 – represents the oxygen amount necessary for burning a particle of coke. 
 
g o
o T . R
p . 21 , 0
C
2
2  ;             (8) 
where: 
Ro2 – excess of burning air. 
 
The  motion  equations  to  the  axial  and  radial  direction  for  the  fuel  drop  with  spherical 
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-in witch the resistance (consistency/strength) coefficient of the drop is given by: 
 
cd = 27.Re
-0,84 - for  Rek    80; 
 
cd = 0,271.Re
o,271 - for  80Rek10
4; 
 
cd =2,   - for Re  10
4; 
 
  -the viscosity coefficient of gas is determined by: 
 
3
1
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2
pa
3
3
2
pa 3
g
) z V . G (
l . ) . d .( 012 , 0 
  ;        (11) 
 
  where: 
    l3 – is the length of the anode plate of the experimental system. 
rpa, Gpa – are the density and the plasma consumption of the experimental 
system. 
   
The set of the differential equations has been resolved by RUNG-KUTT method determining 
the axial and radial coordinates such as: 
 
  
t
0
k k k dt . Vz Z Z
0 ;         (12) 
. dt . Vr r r
t
0
k k x 0           (13) 
The tests (experiments) have been performed for three types (classes) of fuel: fuel oil, 
marine Diesel heavy  and light fuels.  In Fig.  , there are presented the variations of drop 
diameter and Reynolds number for loads of plasma generator Gp = 0,1; 0,2; 0,5 ; 1,0 ; 2,0 . 10
3 
kg/s. 
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3. CONCLUSION 
 
On  the  increase  of  burning  air  consumption,  the  burning  time  of  fuel  drops  rises 
because of the reductive of plasma temperature and also the heat received by fuel drop. For 
the curves 1 and 2 we care evidently see the variation of drops diameter according to the three 
stages of burning  (combustion). The dependence of complete (perfect) combustion of fuel 
drops on the intensity of voltaic arc for generating of plasma is given in Fig  . It can be seen 
that the time of perfect combustion t
n is suddenly reduced on the increase of the intensity of 
voltaic arc up to the value of 10 A, then its reduction is not important when the intensity of 
voltaic arc increases up to 24 A. An essential factor of total time of combustion is the initial 
diameter of the drops ( the quality of atomization). When the drop diameter increases from 50 
to 300 µm, the combustion time rises 6-7 times. 
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 Abstract. The variable speed drives industry is an aggressive and rapidly growing sector. Like 
any industry, in order to remain competitive its products must have a low cost and also to address 
the need to reduce the energy consumption, of the spurious emissions introduced in the energy 
system. As a result of these constraining factors it was necessary the use of smart devices capable 
of solving complex algorithms. This paper presents a case study on the use of microprocessors and 
microcontrollers in the construction of the speed variating devices, materialized in accomplishing 
of an experimental stand. 
 
Keywords: microcontrollers, microprocessors, speed variating device. 
 
CHAPTER 1. 
   
  A  first  step  in  accomplishing  the  use  of  smart  devices  capable  of  solving  complex 
algorithms is the implementation of microcontrollers in the control of the force elements of 
the variable speed drives. The block diagram of an electronic speed variating device is shown 
in Figure 1.1. 
 
Figure 1.1. The block diagram of an electronic speed variating device 
 
  Block diagram components are: 1-main power; 2 – recovery-three phase bridge (AC-
DC); 3 intermediate circuit (DCVoltage = √ 2 * SupplyVoltage); 4-coils in the intermediate 
circuit, 5-linear capacitor circuit, 6 inverter, output: AC voltage varied between 10% -100% 
of  supply  voltage,  variable  frequency  0-120  Hz.,  8-  control  module. 
The control module undergoes major improvement. Thus, in this case, the control module is 
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which the DC voltage is converted into a variable voltage AC and variable frequency. The  
complexity of the control module determines the performance and the quality of the  speed 
variating device .  
  In Figure 1.2. it is presented  the scheme using microcontrollers in the control module. 
 
Figure 1.2. Scheme of using  microcontrollers in the control module 
 
  The digital system used to control the electric motors offers  major improvements to the 
analogical system. Most functions are performed digitally, the improvements being made to 
the  software  level,  the  number  of  components  decreasing  because  most  operations  are 
performed by a single integrated. 
  The digital signal processing is going on to obtain increased speed and accuracy, also 
implementing calculation algorithms that replace physical sensors, resulting in lower system 
cost.  Obtaining  a  more  precise  control  to  achieve  a  lower  consumption  and  higher 
performance results into the need for accomplishing a huge number of calculations performed 
in real time. 
  The calculation speed of the microcontroller being exceeded, it has been  imposed the 
introduction of a new type of processor, specialized in controlling the speed variating devices 
- digital signal processor (DSP). This processor has the following features: 
- favors reducing system cost by effective control of parameters in all areas of speed; 
- performs high-level algorithms, resulting in reduced vibrations and thus extending the  life 
of the engine; 
- reduces the harmonics introduced in the network, thus reducing the cost of the filters; 
- removes the speed and position sensors by implementing new algorithms; 
- generating in real-time models of parameters leads to  operation linearization; 
- controls the power inverters and generates high-resolution PWM models; 
- brings all these functions into one integrated. 
  In  figure  1.3.  it    is  presented  the  scheme  of  using  controllers  DSP  into  the  control 
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Figure 1.3. Scheme of using the DSP  controllers into the control module. 
 
 
 CHAPTER 2. 
   
  The scheme of the experimental stand  is shown in Figure 2.1 and in Figure 2.2 the 
program interface is presented. 
 
Figure 2.1. Scheme of the experimental stand 
 
    Due to the advantages it presents, the speed variating devices with friction wheels, have 
a relatively wide spread. The chosen speed variating device with friction wheels is in the duo 
solution, what gives us a double adjustment range towards the mono speed variating device. 
The couple of materials of the active elements used, is one for small tasks, thus we use the 
couple of materials: rubber - plastic. 
  The outline of the mechanical speed variating device with friction wheels  chosen, is 
shown in Figure 2.2. 
  
 
Figure 2.2. The outline of the mechanical speed variating device with friction wheels   
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  In figure  2.3. it is presented the way it was done practically the   mechanical speed 
variating device duo. 
 
 
 
Figure 2.3.: The practical accomplishment of the mechanical speed variating device duo. 
 
  The speed variating device is powered by a motoreducer (8:1) followed by a cogged 
wheels transmission (1.5:1). Both the engine and the driven disc of the mechanical speed 
variating device is made of plastic material and have a diameter of 120 mm, corresponding to 
both discs, the core being 25 mm and the intermediate roll (rubber) has a diameter of 33 mm. 
 
 
Figure.2.4.: Motoreducer (8:1) used, followed by the cogged wheels transmission (1.5:1) 
 
  The intermediate roll (Figure 2.5.), made of rubber, has a diameter of 33mm and  it is 
driven by a DC motor via a gear and a rack. The course that makes this roll is 25mm. 
 
 
 
Figure 2.5.: The intermediate roll 
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  Both on the motor disc and on the driven one,impulse optical readers have been installed 
of(Fig. 2.6.), receiving 4 impulses at a full rotation of the disk. 
 
 
 
Figure 2.6.: Optical Sensor (LED + phototransistor) 
 
  Interface (Fig. 2.7.),called ROBO Interface, too, enables the communication between the 
PC and the model developed. For example, the motors can be activated, can be perceived and 
the sensor signals can be processed such as phototransistors, photoresistances, Reed relays 
and more. 
  
Figure 2.7.: Programable  Interface 
 
  To order a model using the computer program we need the  programable interface as 
well as the related software. The programing software comes in the form of a CD installing 
kit. At launch, we are greeted by the following graphical interface (Fig. 2.8.) 
 
 
Figure 2.8.: Programming interface (Softuare ROBO PRO)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  The window includes a menu bar with various buttons located at the top of the window, 
and an area on the left with the programing items. Robo PRO software is structured in 5 levels 
of knowledge appropriate to the level of the user. Programming is done using flowcharts with 
information provided by the program. 
  Such an example (Fig. 2.9.) is presented for the starting-shutting down scheme of a 
motor: 
 
 
Figure 2.9.: Sample Program 
 
  Here we can notice how does a simple program look like. The scheme is described as 
follows: "If you press I1, then turn left M1 motor with the speed 8 until I2 is pressed, stop the 
motor and STOP". 
  In programming, in the program window logical schemes are created, using the elements 
of programming, provided in the left part of the window in the specially designed area. After 
the  logical  scheme  was  created,  it  passes  to  the  test  mode  of  the  program  after  that,  if 
everything is ok, the program is loaded into the interface memory. 
  As structured, I have achieved the program in several sections or subroutines. First I 
created a testing subroutine, meant to perform a test drive of both motors in both directions, 
with checking the end course limiting devices for the intermediate roll. Calling the subroutine 
of test is made by the operator when the "Test" button on the main control panel and the 
control is proceeded.  
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Abstract:  Since  aluminum  brazing  technology  is  relatively  new  compared  to  other  permanent  joining 
technologies, this technological process needs a scientific approach. 
  One of the specific parameters of this type of technological processes is the distribution of filler 
material on base material. This parameter affects directly the quality of the brazed assembly. 
 
Keywords: deposition; aluminum alloys; brazing.   
 
1.INTRODUCTION  
 
Brazing is a joining process wherein metals are bonded together using a filler metal 
with a melting (liquidus) temperature greater than 450 °C (840 °F), but lower than the melting 
temperature of the base metal. Filler metals are generally alloys of silver (Ag), aluminum 
(Al), gold (Au), copper (Cu), cobalt (Co) or nickel (Ni). 
 
 
 
Fig. 1: Consideration for brazing success.  
 
The brazing procedure has following steps: 
 Arrange the parts: the operation consists of grouping them to execute the brazing joint. The 
parts have to be complete, qualitatively and quantitatively accepted. The technical documents  
is complete and meets all requirements for a good performance of the brazing joint.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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 The parts with a complicated spatial distribution and tight tolerances will be positioned and 
brazed,  if  necessary,  in  specially  designed  SDV.  SDV  will  be  homologated,  verified  and 
recertificated. The parts are assembled in the device respecting the drawing and gaps between 
combined faces as follows:  
- For aluminum and aluminums alloys 0,25￷0,40mm (0.10‖-0,16‖); 
- For joints of pipe fitting ends, the joint clearance has to be 0,5￷2,20mm (0,002 ‖–0,008‖) 
unless otherwise stipulated in the drawing. 
 
 
 
Figure 2. Braze procedure.  
 
 Parts preparation: the preparation for brazing is made in accordance with scheme prepared 
by the technologist, the scheme is mentioned in the technology. 
 Preparation inspection: the inspection of the surface preparation for brazing is made in 
accordance with the requirements of the customer or of the process technologist. 
Repositioning of the parts: after the surface preparation, the parts will take their final position 
in SDV free from grease, color or other impurities. The operation is performed under total 
cleaning (the operator will wear cotton gloves). 
 The brazing: for an alloy, the joint resistance depends on the mutual adjustment of the parts 
to be joined and on the contact area between the two parts. The joint area, the capillary gaps 
between the parts should be minimal for silver alloys (recommended gap size 0.5÷0.33mm). 
For  tubular  joints,  the  allowed  gap  size  is  0.2÷0.25mm.  The  joint  area  depends  on  the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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thickness of the material and the cutting conditions of the part. For heating the joint with 
strong alloys is used light carbureted flame. In this case avoid the overheating of the alloy and 
is discharged outside the blast flame. The brazing operation starts with the flux (BORAX) 
applying on both sides uniformly. Only the joint will be heated quickly and uniformly at the 
correct temperature, as indicated in the appendix. Apply the brazing wire that was previously 
coated with flux (BORAX) on the joint. The rod is fed into the joint until the brazed joint is 
complete, the outline of the brazing covers continuously and uniformly the area around the 
joint.  For  a  good  joining,  the  heating  temperature  of  the  parts  has  to  be  under  the 
recommended temperature of the flux producer.  
NOTE: The wire should not be melted by the heat input taken from parts. 
 Cleaning and removal of flux residues: after the brazing process, the flux residues on the 
parts should be removed within 30 minutes. 
 Inspection of flux removal: the parts are only visually examined. 
 Inspection of the brazing operation: the control authority is required to verify if: 
- the operator that execute the piece is authorized for the joint type he is executed; 
-  the  equipment  is  clean  and  used  according  to  the  indications  of  the  producer; 
- the brazed joint has been done according to the costumers requirements. 
 
2.EXPERIMENTAL DATA 
 
During the braze cycle, the filler material was deposited in different ways: 
Sample 1÷3: the deposition of the filler material on the brink of the base material.  
 
   
 
Figure 3: Sample 3, flat parts.  
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Sample 4÷6: the deposition of the filler material on one surface of the base material. 
  
   
 
Figure 4. Sample 5, flat parts. 
 
Sample  7÷42:  the  deposition  of  the  filler  material  on  both  surfaces  of  the  base 
material.  
 
   
 
Figure 5. Sample 29, flat parts.  
 
As a resulted of the x-Ray inspection, the majority of the samples shows a great many 
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Sample 3 shows defects in the middle of the brazed surface. 
Sample 5 – the filler material does not cover the entire brazed surface. 
 
   
 
Figure 6. X-Ray Inspection, sample 3, lap joint. Figure 7. X-Ray Inspection, sample 5, lap joint. 
 
Sample 29 has an area of the surfaces that were not covered with filter material is 
considerably smaller.  
 
 
 
Figure 8. X-Ray Inspection, sample 29, lap joint 
 
3.CONCLUSION 
 
For brazing aluminum alloys it is recommended to deposit the filler metal on both 
surfaces of the base material and then contacting the components and heating them.  
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Abstract: In the technical literature are some correlations with reference to the influence of brazing temperature 
on aluminum alloys, but there is not a diagram generally accepted. 
This paper aims to establish a direct correlation between the mechanical properties and the retention 
time  of  the  brazing  temperature.  The  experiments  were  applied  on  samples  of  aluminum  alloy  3L59.  The 
retention time varies from T1 = 10 minutes to T3 = 30 minutes. 
 
Keywords: temperature; aluminum alloys; influence;  
 
1.INTRODUCTION 
  
In most cases, brazing filler metals do not have a single melting point but melt over a 
specific temperature range. The temperature at which a brazing alloy can be used to make a 
joint must always be higher than the temperature at which it begins to melt: 
  The solidus temperature of an alloy is the temperature at which it begins to melt when being 
heated from room temperature;  
  The  liquidus  temperature  of  an  alloy  is  the  temperature  at  which  it  becomes  completely 
molten;  
  The  temperature  difference  between  the  solidus  and  liquidus  temperatures  of  an  alloy  is 
known as its melting range or plastic range; 
  In those rare situations where the solidus and liquidus temperatures coincide and where, in 
consequence, there is a melting range of 0
0C, the material is known as a eutectic.  
 
 
 
Fig.1 The relationship among solidus, liquidus, melting range and eutectic.[3]   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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As mentioned above, once a brazing filler material is heated to its solidus temperature, 
it begins to melt. As the temperature is gradually increased, more of the alloy becomes molten 
until, at its liquidus temperature, the material becomes 100% liquid. Throughout the melting 
range of the alloy, the ratio of the liquid phase to the solid phase increases as the temperature 
rises: the fluidity of the alloy also increases. The concept is illustrated in Figure 2:  
 
 
 
Fig. 2 Representation of working temperature.[3] 
 
At  a  temperature  above  the  solidus  of  the  filler  material,  and  quite  often  at  a 
temperature that is below its liquidus, the molten filler material can possess a level of fluidity 
sufficient to enable it to flow into a capillary gap and make a joint. The temperature  at which 
this occurs is known as the working temperature of that filler metal.   
The technical literature presents several references to the working temperature: using 
regression we are seeing that this is 21
0C below the melting temperature of the base material, 
in the case where the two materials (both the base and the filler) are homologous. There are 
exceptions to the rule and therefor trials are needed to determine the working temperature of 
the filler metal if this is not specified in the technical instructions. 
The fact that the majority of alloys used as brazing filler materials do not have a single 
melting point can be a source of trouble to the unwary. This is particularly true if the brazing 
alloy has a long melting range, is preplaced at the mouth of the joint as a perform and is 
subjected to a slow rate of heating. In these conditions, the time take to heat the component 
and the brazing filler material through the melting range of the alloy can be quite long; this 
factor often causes difficulties.  
 
2.EXPERIMENTAL DATA 
 
      It should be noted that the working temperature for brazing with oxyacetylene flame is 
400÷450
0C.  For  this  trial,  the  samples  were  heated  at  a  temperature  of  430÷450
0C  and 
maintained at these temperatures 10 ÷ 30 minutes, for much more time than the actual brazing 
conditions. The heating operation was carried out in an furnace. Thus emerged the following 
sets of samples shown in Table 1: 
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Tab. 1 The properties of the samples. 
No.  Symbolization  Temperature [
0C]  Retention times [min]  Width of the sample X [mm] 
1  Tt01  20  0  9,52 
2  Tt02  20  0  9,56 
3  Tt03  20  0  9,56 
4  Tt11  430÷450  10  9,44 
5  Tt12  430÷450  10  9,48 
6  Tt13  430÷450  10  9,52 
7  Tt21  430÷450  20  9,45 
8  Tt22  430÷450  20  9,46 
9  Tt23  430÷450  20  9,52 
10  Tt31  430÷450  30  9,53 
11  Tt32  430÷450  30  9,46 
12  Tt33  430÷450  30  9,45 
 
The used samples have the following shapes and dimensions.: 
 
 
Fig. 3 The shape and the dimension of the sample.  
 
 
Fig. 4 The fatigue testing system INSTRON  8801. 
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In  order  to  follow  the  effect  of  temperature  on  the  aluminum  alloy,  the  samples 
presented in table 1 came under tensile tests. They were made on the fatigue testing machine 
INSTRON  8801  according  to  standards,  loading  speed  was  1mm/min.  To  record  local 
deformations, a strain gauge extensometer, 50mm gauge length, was used and was maintained 
up to a sample specific deformation of 3%.  
Figures 5, 6, 7, 8 show the curves for the aluminum alloy that was not influenced by 
the temperature, samples that where kept at 10 minutes, 20 minutes and 30 minutes at a 
temperature range of  430÷450 
0C. 
 
Fig. 5 The fatigue curves for not heated aluminum 
alloy. 
 
  Fig. 6 The fatigue curves for aluminum 
alloy kept 10 minutes in the furnace. 
 
Fig. 7 The fatigue curves for aluminum alloy kept 
20 minutes in the furnace. 
 
Fig. 8 The fatigue curves for aluminum alloy kept 
30 min in the furnace. 
 
3.CONCLUSION 
 
In order to illustrate the behavior and the time of temperature effect on the aluminum 
alloy, there are shown in the same graph of the characteristic curves of the alloy not subject to 
heating and heated in an furnace maintained for 10, 20 and 30 minutes.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig. 8 The fatigue curves for aluminum alloy. 
 
Figure 8 has shown that the heating of the alloy reduces its mechanical properties. 
Even a short time of 10 minutes implies a major transformation of the mechanical properties 
of the alloy. 
 It can be seen that as the retention time of the samples at the brazing temperature 
increases, there is a small increase in the mechanical properties. 
The behavior of the alloy may lead to the degradation of the structure due to the area 
influenced by the brazing temperature. 
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Abstract:  Since it was determined that as a result of fatigue on the brazed joints, the breakage occurs in the 
filler  material  or  in  its  immediate  vicinity  (Z.I.T.M.),  it  is  necessary  to  study  the  phenomenon  in  the 
microstructure.   The experiments have been made on alloys 3L59 samples, using as filler material the aluminum 
alloy L103. The brazing was made by gluing, overlapping nonstandard samples. 
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1.INTRODUCTION 
 
Adhesion is a surface phenomenon. The adhesion is controlled by the adherent surface 
state.  ASTM1  defines  adhesion  as  an  assembly  into  which  act  forces  of  valence  and 
interaction. The forces cohesion is defined as the state in which particles of a single substance 
are bound together by primary and secondary forces. The cohesion area is the state in which 
the adhesion particles are held together. This interaction is largely due to how is made the 
filler  material  heating  and  melting.  In  heating  operation  can  appear  the  liquefaction 
phenomenon that has a negative influence on the brazed joint and therefore is required a 
detailed study.  
Most of the aluminum alloy used as filler material in the flame brazing does not have a 
single melting point, but a range. This phenomenon causes problems, especially when the 
melting range is high, and the assembly is subject to a relatively slow heating phenomenon 
than other methods. Under these conditions, the required time to heat the brazing components 
and the filler material can be quite long, factor which often brings difficulties in the whole 
process.  
Any alloy that has a melting point, suffers gradually a transformation from a solid to a 
liquid through heating from solidus to liquidus. Unfortunately the chemical composition of 
the liquid and solid areas of the filler alloy, until reaching the working temperature are often 
substantially  different  from  the  nominal  composition  of  the  solid  alloy  at  the  room 
temperature; this is the factor that causes problems. 
When  an  alloy  characterized  by  7,5  %  silicon-aluminum  alloy  (according  to  BS 
EN1044: 1999 Type AL103, having a melting range 575 ÷ 6150C) starts to melt, the first part 
that  is  melted  is  relatively  rich  in  silicon  than  the  un-melted  material.  This  means  that 
inevitably the solid portion that remains is relatively rich in aluminum. If this alloy is in 
contact with the capillary area, the liquid portion rich in silicon will be drawn into this area 
and removed from the rest of the filler material yet in a solid state. Therefore, it is clear that 
the remained solid portion has lost a considerable part of its structural properties on low 
melting point, so this filler material does not have a liquidus temperature of 6150C. This   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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phenomenon is called liquefaction. In order to allow that the remaining solid part to melt, it 
must  be  heated  at  a  higher  temperature  (often  very  high)  than  its  working  temperature. 
Sometimes, the temperature will be just above the nominal liquidus temperature of the initial 
material.  
This phenomenon gives us one of the fundamental rules for the successful use of the 
brazing  process:  if  the  capillary  flow  of  the  melted  filler  material  is  sufficiently  high  to 
achieve the assembly, and then when the filler material is subjected to a slow heating rate (for 
example, brazing in the furnace or if the components are massive), for avoiding liquefaction, 
the brazing alloy should be chosen so as to be an eutectic or one that has a very short range of 
melting. 
There are exceptions to the rule, and some of them cannot eliminate the liquefaction effect. It 
is known that in a big number of applications in the furnace brazing are used high nickel 
alloys  as  filler  material.  In  these  cases,  liquefaction  is  often  an  inevitable  feature  of  the 
process. This phenomenon can be partially removed by low geometry of the joint. It is said 
that when this is not possible on the side of the joint are bounded wires (ribbons, foils) of 
filler material which in slow melting time are running down filling the joint and forming the 
mixture there. 
 
 
2.EXPERIMENTAL DATA 
 
The studies presented below make reference to tubes taken from the same type of 
sheet metal as 3L59 according to British Standard (BSI1). The filler material is an aluminum 
alloy with the symbol AL 103 according to British Standard BS EN 1044:1999(BSI2) having 
the composition shown in Table 1: 
Table 1 The filler material composition AL 103. 
Element   % 
minimum  maximum 
Silicon  9,0  11,0 
Iron    0,8 
Copper    0,3 
Manganese    0,05 
Magnesium    0,05 
Zinc     0,1 
Titanium     0,2 
Other  
elements  
Each    0,05 
Total     0,15 
Aluminum   Rest 
 
For samples shown in Figures 1 and 2 was used an improper flame, for example a gas 
flame and a low caloric burning gas. Thus, occurs the slowly melting, implicitly increasing 
the melting time, and as phenomenon appears the defects of non-entering the filler material 
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    Figure 1 Sample type tube-plate          Figure 2 Sample type plate-plate 
    
    Figure 3 Sample type tube-plate            Figure 4 Sample type tube-plate 
 
    
Figure 5 Sample type tube-plate            Figure 6 Sample type tube-plate 
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When using a flame and a high caloric gas, it occurs local melting of the base material, 
as it is emphasized in Figures 3 and 4. This result is due to the maintenance of the brazing 
burner in a single position.  
In the case of uniform heating, but using a flame and a low caloric gas, can occur local 
melting of the base material and non-uniformities in the filler material due to the liquefaction 
phenomenon. This phenomenon is emphasized in detail in Figures 7 and 8. 
 
    
Figure 7 Sample detail type tube-plate      Figure 8 Sample detail tye plate-plate 
 
Due to the same liquefaction phenomenon, occurs the burning of some filler material 
compounds used in the case shown in Figure 9, as well as the surface oxidation of the brazing 
seam shown in Figure 10. 
 
    
Figure 9 Sample type tube-plate     Figure 10 Sample type tube-plate 
 
The phenomenon shown in Figure 10 is due to the use of a type of a normal acetylene 
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Figure 11 Sample type plate-plate    Figure 12 Sample type tube-plate 
 
To  avoid  the  occurrence  of  the  liquefaction  phenomenon,  in  case  of  experimental 
flame brazing it was found that the optimum results were obtained with the use of neutral 
flame types and a burning gas such as spectral acetylene, high purity acetylene 2.6. 
 
3.CONCLUSION 
 
When  brazing  aluminum  alloys,  to  avoid  the  liquefaction  phenomenon  is 
recommended the use of the neutral oxyacetylene flame and the spectral acetylene of high 
purity 2.6. Also, it is necessary to uniformly distribute the heat for the entire surface to be 
brazed to avoid local melting of the base materials. 
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Abstract: The structure of sintered steel pores and their distribution is described in terms of breaking model. The 
found correspondence between pore distribution and crack is examined. The most important theoretical problem 
is to find the correspondence between macro- and meso-scopic picture of fatigue. 
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1. INTRODUCTION  
 
In the continual medium approximation we neglect short range scales compa-rable to 
distances between particles. On the other hand many important processes (like fatigue for 
example) take place or correspond to other range of length. 
Under externai load applied to a sample all degrees of freedom at any scale range become 
excited. The input energy measured in terms of hysteresis loop flows down from macroscopic 
scale to deeper levels  fig. 1. 
 
 
 
Fig.1 The energy accumulation in a material. The fatigue defect born at mesoscopic scale. 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
284 
2. MATERIAL AND METHODE 
  
Finally at micro-level we obtain some heat outflow. As we know heat corresponds to 
oscillations of atoms. 
Not all input energy flows out as a heat. Some part, called cold work, becomes stored at 
defects at mesoscopic scale. That entails the fatigue process related to an externai loading. 
The most important theoretical problem is to find the correspondence between macro- and 
meso-scopic picture of fatigue. 
Defects at any stage of evolution are modeled by means of fractals with fixed fractal 
measure and dimension. Generally models of such type are constructed in two steps. At first 
we need state equation for fractal defects which links fractal variables.  
The  cold  work  ε  stored  at  defect  is  assumed  to  be  linear  in  fractal  measure  vD  but  the 
proportionality factor a(D) depends on fractal dimension D. Note that the fractal measure has 
been understood as and represented by suitable projective quantity. Next representing the 
projective quantity by suitable powers one obtains: 
 
ε = a(D) vD                                                 (1) 
 
The mesoscopic length scale may also vary during defects evolution. 
 
3. RESULTS AND DISCUTION 
 
The sintered steels are very brittle material with iniţial structure of pores in-volved by 
powder metallurgy. During fatigue process we observe the cracks growing between pores. 
The iniţial structure of defects evolves to final transparent crack in a sample. We have to 
model both: pore structure and fatigue crack. 
According to applied range of magnification different elements of pore (and other defects) 
structures are put forward. The whole analysis is limited by discrete structure of a matter at 
atomic scale. Since we are interested in the correspondence bewteen structure of pores and 
final fatigue crack we begin with large magnification. 
The example of pores are depicted in  the  Fig.  2. During fatigue process  we observe the 
growing bridges between pores. In turn pores do not change in any noticeable way..  
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Fig.2  The two example  of increase in pore 
 
However there is not any visible connection beween structure of individual pores and 
growing transparent crack. 
At first we look for the suitable range of magnifications. For each picture we estimate 
(box-counting)  fractal  dimension  for  observed  structure  of  pores.  Next  computer  finds 
contours of all pores and once more we evaluate fractal dimension for contours solely. We 
seek for range of magnifications in which the above two fractal dimensions coincide. An 
example is shown in the fig. 3.  
 
 
 
                 Fig. 3.a.                                                                            Fig. 3.b. 
      The observed pores and fatigue crak.                         The pores and all defects used in                
                                                                                             fractal dimension estimation. 
 
Then fractal dimension will depend on linear size of pores and their distribution solely 
but not on the internai structure of separate pores. Since details of individual pore form are not 
important we can model pores by points but the distribution of points should have the same 
fractal dimension as real structure.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Sintered  steels  are  produced  from  powders  and  during  technological  process  high 
pressures are applied. Therefore structure of grains, being dense packed, should be locally 
close to hexagonal one. In turn pores originate predominantly at surfaces of adjoint powder 
grains. In effect we expect the hexagonal structure to be visible also in spaţial distribution of 
pores. At large macroscopic scale the pore distribution becomes uniform and hexagonal order 
is missing. In effect the fractal modeling pore structure should be composed with hexagonal 
cells. Each cell contains a fractal with dimension close to value obtained from experimental 
observations. 
 
4. CONCLUSION 
 
The growing fatigue crack in sintered steel can be observed at many distinct length 
scales. At macroscopic level (large comparing to characteristic size of cell) the crack can be 
approximated by a smooth curve. No fractal character becomes visible. 
At the opposite limit, at scale comparable to individual pores the crack contour is also quite 
close  to  smooth  curve  with  relative  low  fractal  dimension.  Moreover  there  is  no  any 
correspondence between separate pores and fatigue crack form. 
The crack form appears to be sensitive to the pore distribution solely. At the intermediate 
scale length when pores become points object there is close correspondence between fractal 
distribution of pores and fractal form of the final crack. 
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Abstract: The geometrical structure of sintered steel pores and their distribution is described in terms of fractals. 
The found correspondence between pore distribution and crack is examined. The fractal dimensions of crack 
generated from pores model (due to the simple proposed geometrical rule) and real fatigue crack are compared. 
 
Keyords: sintered steel, pores and crak. 
 
1.  INTRODUCTION 
 
At first we look for the suitable range of magnifications. For each picture we estimate (box-
counting) fractal dimension for observed structure of pores. Next computer finds contours of 
all pores and once more we evaluate fractal dimension for contours solely. We seek for range 
of magnifications in which the above two fractal dimensions coincide. An example is shown 
in the fig. 1.  
 
 
 
                 Fig. 1.a.                                                                            Fig. 1.b. 
      The observed pores and fatigue crak.                         The pores and all defects used in 
                                                                                             fractal dimension estimation. 
 
 
Then fractal dimension will depend on linear size of pores and their distribution solely 
but not on the internai structure of separate pores. Since details of individual pore form are not 
important we can model pores by points but the distribution of points should have the same 
fractal dimension as real structure. 
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Sintered  steels  are  produced  from  powders  and  during  technological  process  high 
pressures are applied. Therefore structure of grains, being dense packed, should be locally 
close to hexagonal one. In turn pores originate predominantly at surfaces of adjoint powder 
grains. In effect we expect the hexagonal structure to be visible also in spaţial distribution of 
pores. At large macroscopic scale the pore distribution becomes uniform and hexagonal order 
is missing. In effect the fractal modeling pore structure should be composed with hexagonal 
cells. Each cell contains a fractal with dimension close to value obtained from experimental 
observations. 
 
 2. METHODE MODEL CRACK GROWTH IN SINTERED STEELS 
 
We generate a crack according to simple geometrical rule, which does not favorize 
any length scale. Suppose that we have two clouds of defects with a single common point. 
Then  a  crack  should  run  through  this  common  point  and  inside  a  cloud  of  defects  we 
approximate crack by straight segment. Under current resolution we treat the cloud of defects 
as uniform defect.  Increasing magnification we notice that iniţial cloud divides itself into 
smaller ones and we once more apply above crack form approximation. The procedure has 
been depicted in the fig. 2.  
 
 
 
 
Fig.2. The intersection of the infinite secvence of defect structure inside. 
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3. RESULTS AND DISCUTION 
 
The model crack (in fact formed from von Koch type curve shown in the Fig. 4) has 
fractal dimension In 5/In 3 = 1.47. At the same time fractal dimension of real crack equals 
1.51. For both models: pore distribution and crack form, the model and experimental values 
of  fractal  dimensions  nearly  coincide.  Model  values  are  slightiy  smaller  because  our 
construction doesn't employ any overîaping. Moreover the  dusts filling cells are very regular. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Fatigue crak inthe steel 
 
To estimate the characteristic linear size of cells we evaluate numerically the relative partition 
entropy  of  fractal  defined  in  the  same  way  as  in  the  ergodic  theory,  or  in  the  theory  of 
dynamical system.  
To compare the fig. 5 presents the observed fatigue crack in sintered steel from the work . 
Some fragments of observed pattern have form quite close to the constructed fractal model. 
The  constructed  models  of  pore  distribution  and  cracks  may  be  applied  to  study  other 
important characteristics like stress intensity factor, the energy conserving cascade process 
examined in [3], [4]. 
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4. CONCLUSION 
 
The growing fatigue crack in sintered steel can be observed at many distinct length 
scales. At macroscopic level (large comparing to characteristic size of cell) the crack can be 
approximated by a smooth curve. No fractal character becomes visible. 
At the opposite limit, at scale comparable to individual pores the crack contour is also 
quite close to smooth curve with relative low fractal dimension. Moreover there is no any 
correspondence between separate pores and fatigue crack form. 
The  crack  form  appears  to  be  sensitive  to  the  pore  distribution  solely.  At  the 
intermediate scale  length when pores  become  points  object  there is  close correspondence 
between fractal distribution of pores and fractal form of the final crack. 
 
REFERENCES 
 
 [1]  L. O. Andrushchik—E. Dudrovâ—V. V. Kornjushin, et. al.: Science of Sintering, 24, 
1992. 
[2]  Lenei, F.V., Ansell, G.S.: J. Met., 34 (2), 1982, p. 17-27. 
[3]  M.  Rybaczuk:  The  fatigue  evolution  of  fractal  defects  in  metals,  Third  International 
Conference On Low Cycle Fatigue And Elasto-Plastic Behavior Of Materials, Berlin FRG 
September 7-11, 1992, Elsevier London and New York 1992; 
[4]  K. Falconer K.: Fractal Geometry, John Wiley & Sons, Chichester and New York; 
[5] R W. Goldsztein—A. B. Mosolov: Cracks with fractal surfaces, WAN SSSR, 319, 4; 
[6] R. W. Goldsztein—A. B. Mosolov: Fractal cracks, PMM. voi. 56, 1992; 
 
 
 
 
 
 
 
 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
291 
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Abstract:  In  the  paper  are  presented  the  COSMOS/M  analysis  steps  to  be  taken  in  order  to  study 
nonlinear materials, interest being on nonlinear elastic materials, rubber like. There are presented the 
software capabilities and the settings that have to be done for FEA of such o material. 
 
Keywords: FEA, Cosmos/M, nonlinear materials, analysis techniques. 
 
1. INTRODUCTION 
   
In  general  structural  nonlinearities  can  be  specified  as  geometrical  nonlinearities, 
material nonlinearities and boundary nonlinearities [1]. Material nonlinearities means material 
behavior is nonlinear. Possible material models are: 
a) nonlinear elastic; 
b) elastoplastic; 
c) viscoelastic; 
d) viscoplastic. 
We are interested in nonlinear elastic behavior, meaning rubber like materials. 
For FEA of such materials there is a list of steps and settings to be made for achieving 
the desired goal. This steps and settings are presented further. 
 
 
2. DEFINING FEA CONDITIONS 
 
2.1. Defining finite element and material 
Nonlinear properties of individual elements should be defined in element options. For 
example, steps needed for specification of SOLID element properties are shown in subsequent 
figures [2]. 
 
 
Figure 1. Definition of finite element group  Figure 2. Element specification 
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Figure 3. Definition of material model         Figure 4. Definition of geometric nonlinearity 
 
Figure 5. Listing of element groups – element group 2 defines geometric and material nonlinear 
element. 
 
2.2. Nonlinear analysis setup 
 
Parameters  of  nonlinear  analysis  are  specified  from  MENU  ANALYSIS  / 
NONLINEAR, Figure 6. Individual options in this menu have following use: 
a. Solution Control – definition of method of solution of system of nonlinear equations. 
Possible values are in Figure 7.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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b. Integration Options – definition of method of solution for dynamic problems, Figure 8. 
c. Auto Step Option – if is set ―ON‖, the program automatically selects optimal size of time 
increments according to convergence in previous time steps, Figure 9. 
d. Base Motion Parameter and Damping Coefficient – applicable for dynamic problems 
only. 
e. Print Options – specification what will be written in output file name of problem.OUT. 
The advisable is to oppress printing of large files that are difficult to read. Recommended is to 
use setup according to Figure 10. 
f.  Plot  Options  –  specification  for  which  steps  program  will  store  results.  Normally,  if 
nothing is specified, results are stored for the last successfully accomplished step only. If 
there is need to store more results to plot and list, these steps are specified as shown in Figure 
11. 
g. Response Options – specification for which nodes will program store results to plot nodal 
values as displacements and reactions, see Figure 12. This specification is useful if we do not 
need results for all nodes. If a plot option is specified for all steps, this option is not necessary. 
h. Nonlinear Analysis Options – detailed specification of analysis. 
Default setup, which is appropriate for most nonlinear static problems is in Figure 13. 
i.  Run Nonlinear Analysis – start of computations (Fig.6). 
 
 
 
 
Figure 6. Nonlinear Analysis Menu 
     
Figure 7. Solution Control menu 
 
 
   
         Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
294 
 
            Figure 8. Integration method  
 
 
 
Figure 9. Auto step definition – minimum acceptable time increment is set to 10
-6, maximum allowed 
time increment is 1,5 and maximum number of trials to select proper time increment is limited to 5. 
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Figure 12. Specification of nodes  Figure 13. Specification of nonlinear analysis – default values 
to plot graphs        of parameters 
 
2.3. Defining time curves and time parameters 
 
For nonlinear static analysis, the loads are applied in incremental steps using  time 
curves.  The  ―time‖  variable  represents  a  pseudo  time,  which  denotes  the  intensity  of  the 
applied loads at certain step. 
For  nonlinear  dynamic  analysis  and  nonlinear  static  analysis  with  time  dependent 
material properties, ―time‖ represents the real time associated with the loads’ application. 
At least one time curve has to be specified for nonlinear analysis. Time curves can be defined 
from menu Loads BC, see Figure 14 and subsequent figures. 
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Figure 15. Time curve definition – 1st step, 2nd step  Figure 16. Definition of points - time curve  
and 3rd step 
 
To plot a time curve, commands from menu DISPLAY can be selected. 
   
Figure 17. Preparing a plot of a time curve  Figure 18. Commands to plot a time curve 
 
After definition, the time curve became active. This means that boundary conditions 
defined subsequently will be associated with it.  
To deactivate a time curve or to switch activation to another one, the commands 
according to Figure 19 should be used. 
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Figure 19. Making a time curve active (or not active) 
 
2.4 Defining restart possibilities 
Nonlinear analyses are very time demanding. This is a reason that there is a possibility 
to continue in computation after stop of program. For this so called restart of computation the 
parameter RESTART have to be set to 1, see Figure 20. If set to 0, computation will start 
from beginning. 
   
Figure 20. Restart options 
 
3. CONCLUSIONS 
 
  By following the steps and the settings described in this paper, as stated in [3], one can 
perform a FEA of a nonlinear material, and by various modifications of options to obtain 
results as close as reality, for modeling items of nonlinear material. This is useful to compare 
with experimental results or for precalculations of such items. 
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 Abstract: This paper presents the most significant contemporary trends in new industrial product development: 
concurrent engineering (CE) and mechatronics (M). Author defines what CE and M are, emphasizing what 
connections are between these two concepts, and which are the ways of integration in CE and M. The main 
conclusion of this paper is that both these two concepts have known a strongly development in 1975-1985’s, 
when Information and Communication Technologies (ICT) was in full swing of development. The influence of 
ICT is undoubted, but, from this point of view, there are   differences: if M could not be implemented in the 
absence  of  the  ICT,  communication  and  computational  technologies  are  not  strictly  necessary  for  the 
implementation of CE. 
 
 Key words: industrial product development; electromechanical engineering;  
 
1.  INTRODUCTION 
 
In the real world, mechanical engineering and electrical engineering are inextricably 
entwined.  Every  electrical  device  is  also  a  mechanical  device  designed  for  its  electrical 
properties  and  manufactured  in  a  factory  of  mechanical  machines  and  many  mechanical 
devices are partly electrical and most are made by machines that are electrically powered and 
electrically  controlled.  Electromechanical  (EM)  engineering  is  interdisciplinary  and  deals 
with devices and systems combining electrical and mechanical phenomena. This art has been 
growing for over a century, but only recently, for less then 40-45 years, under the impact of 
Information and Communication Technologies (ICT), EM has a new name mechatronics (M).  
An  older  term,  than  M,  that  is  applied  to  the  engineering  design  philosophy  of  cross-
functional cooperation in order to create products that are better, cheaper and more quickly  
brought to the market is  concurrent engineering(CE). 
In the last 50-60 years, several well established industrial paradigms are undergoing 
dramatic shifts: A first shift has been produced from traditional sequential engineering toward 
what is called now concurrent engineering. The second paradigm shift of interest here has to 
do with how meta-product and the production machinery are evolving, in order to cope with, 
to fast, changing customers’tastes, present day products being increasingly personalized. The 
way to cope with this problem is to design and build products and meta-products in terms of 
plug/and play compatible modules. The mechatronics framework can be a guide to optimize 
the design of the modules and to provide suitable interfaces at all levels, as well between the 
modules  or  the  machines  as  with  the  outside  world  (task  programming,  man-machine 
interface a.s.o.).   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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2.WHAT CONCURRENT ENGINEERING AND MECHATRONICS ARE? 
 
Although  there  are  no  well  accepted  definitions,  most  authorities  would  probably 
concur that CE integrates the new product development process to allow participants making 
upstream decisions to consider downstream and external requirements. All functional aspects 
of a product - a component, a machine or a machine system for our purposes – have to be 
considered simultaneously, from the very beginning of the design cycle, and confronted with 
the capabilities offered by the different engineering disciplines and their interactions. 
The ideas of CE are traceable continuously from the beginning of the XX
th century till now. 
My belief is that CE ideas have existed all along and have always been applied by companies 
that were using a sophisticated approach to product development.  
  The first paper, I know from the literature on the management of the design process, 
that has put the accent on the relationship between the design department, manufacturing and 
other function as an essential function of engineering design lasts from 1904 year [1]. The 
papers published, later, pointed out some of the ideas were used in pre-war projects in some 
companies and how CE ideas were applied during the Second World War. After the Second 
World War, the application of CE ideas became significantly less prevalent until these ideas 
have been rediscovered during the late 1970’s-early 1980’s.  
M is a methodology used for the optimal design of electromechanical design and for 
the integration of the electronic control systems in mechanical engineering. The term M was 
first introduced in Japan by a Yaskawa Electric Enterprise engineer in 1969 as a combination 
of "mecha" of mechanisms and "tronics" of electronics. A trademark rights were granted in 
Japan in 1972 [2]. But, in 1982, as the use of the word mechatronics became soon to popular, 
Yaskawa Electric Enterprise released all rights concerning this trademark. 
 In the 80’s years, of the XX
th century, information technology (IT) was introduced in 
EM field and, in the 1990’s years, in the field of mechatronics, the communication technology 
has been introduced, connecting the conventional mechatronics products in the networks.  
In  the  present,  mechatronics,  synergetic  and  inventively,  combines  mechanical 
engineering with electronics and intelligent computer control (the hard and soft knowledge) in 
the design and manufacture of products and processes, in order to conceive a product and/or a 
technological  process  whose  compounding  elements  have  intelligently,  in  real  time, 
controlled movements or developments [3].  
 
3. CONNECTIONS BETWEEN CE AND M  
 
We  have  to  think  that,  in  the  past,  machine  and  product  design  had,  almost 
exclusively, been the preoccupation of mechanical engineers (Fig.1). Solutions to controlling 
and programming problems were added by control and software engineers, after the machine 
already had been designed. This sequential-engineering approach invariably resulted in sub-
optimal designs.  
Under  the  impact  of  information  and  communication  technologies  (ICT),  machine 
design  has  been  profoundly  influenced  by  the  evolution  of  microelectronics,  control 
engineering and computer science. 
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What is needed, as a solid basis for designing high performance machine, is a synergetic 
cross-fertilisation  between  the  different  engineering  disciplines  involved:  mechanical 
engineering, microelectronics, control engineering, computer science. This is exactly what M 
is  aiming  at.  (Fig.2).The  hype  created  around  these  new  technologies  has  provoked  an 
overshoot  in  the  opposite  direction.  Mechanics  were  no  longer  considered  important  and 
every problem–possible inadequate as mechanics–start be considered that it could be solved 
only by smart control algorithms and software. 
 
 
Fig.2- Mechatronic overall system 
 
In my opinion, whatever the power of control engineering and ICT, even today, somebody 
cannot turn poor mechanics or poor electronics into a good machine. 
 
 
4. WAYS OF INTEGRATION IN CE  AND  M 
 
Ways of integration in CE and M are different. In CE, the ways are organisational 
while in M these ways are technical (hard or soft).  
From the beginning of the XX’s century, in the CE, several organizational methods 
have been proposed, to accomplish the integration: 
  Requiring approval by other departments;  
 Establishing a liaison department that is responsible for co-ordinating the activities of 
other departments.  
 Joining all interested parties into one cross-functional team using job rotation to ensure 
that functional cross-pollination occurs. 
 Using job rotation to ensure that functional cross-pollination occurs [4]. 
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    It  is  possible  to  offer a number of conjectures  as  to  why CE did  not  become the 
dominant product development strategy earlier than 1980’s [5]: 
 There  have  been  changes,  in  the  last  two-three  decades  of  the  XX
th  century,  in 
technology that may have made a CE approach, both more possible and more necessary. It 
is conceivable that these changes in the technology have increased the need for CE.  
 Current communication and other enabling computation technologies have lowered the 
costs of cross-functional co-operation, thereby encouraging such behaviour. The new ICT 
enable  the  rapid  exchange  of  information  and  the  application  of  a  range  of  analytical 
framework that are necessary in cross-functional work. In the same time, it’s a reality that a 
number of firms had applied CE before the advent of the modern’s technologies.  
 A functionally separated organisation makes it difficult to implement CE mechanisms. 
There were several difficulties that might have caused hierarchical, functional organizations 
to  discourage  the  types  of  cross-functional  cooperation  associated  with  CE  earlier  than 
1980’s.  
In the last 50 years have appeared multiple ways that the educational and training systems of 
the XXI century may have foiled the earlier development and spread of CE ideas: 
 During  the first half of the XX century  engineering education has  been focused on 
engineering practice, which should have focused students’ attitudes on product development 
issues; 
 Emphasis  in  the  last  50  years  within  engineering  education  has  been  strongly  on 
engineering science rather than applied fields.  
There may have been changes in the strategic environment that have led to an increased need 
for and acceptance of CE ideas in recent years. Competition increasingly focuses on lead-
time, which leads to increased benefits for CE organisations. 
The principles of integrated CE that action now are: 
 manufacturing and functional design constraints need to be considered simultaneously 
(Fig.3a); 
 combining of people with different functional backgrounds into a design team is a useful 
way to combine the different knowledge based; 
 engineering  designers  must  bear  in  mind  customer  preferences  during  the  design 
process; 
 time to market is an important determinant of eventual success in the market. 
The integration within a mechatronics system can be performed in two kinds: 
 integration  of  components  (hardware  integration)  results  from  designing  the 
mechatronic  system  as  an  overall  system  and  imbedding  the  sensors,  actuators  and 
microcomputers into the mechanical process (Fig.3b). 
 integration by information processing (software integration) (Fig.3c). 
 
 
 
a – A scheme of a (classical) mechanical-electronic system;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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- Fig. 3 - 
 
c - Integration of information processing (software integration) is mostly based on 
advanced control functions.  
Software integration supposes that, besides a basic feedback, an additional influence may take 
place through the process knowledge and corresponding information processing. This means a 
processing  of  available  signals  in  higher  levels,  and  includes  the  solution  of  task  like 
supervision with fault diagnosis, optimisation, and general process management [6].  
The respective problem solutions result in real-time algorithms which must be adapted to the 
mechanical process properties, for example, expressed by mathematical models in the form of 
static characteristics, differential equations etc. 
From the foregoing discussions, it can be appreciated that special considerations have to be 
given to education and training of the technical personnel of the 21st century that will have to 
function (and do reliably so due to safety reasons) in an environment that is so complex and 
technologically very dense. A number of institutions have therefore started designing special 
undergraduate and graduate level programs in mechatronics. In mechatronics, the key areas of 
technology  are;  drives  and  actuators,  sensors  and  instrumentation  systems,  embedded 
microprocessors systems and engineering design [7]. 
  
5. CONCLUSIONS 
 
 Both the M and the CE have been strongly developed in 1980’s, when ICT was in full 
process of development. The influence of ICT is undoubted. But there is a difference: 
-  M could not be implemented in the absence of ICT; 
- CE was well influenced by ICT that include Computer Aided Design/ Computer 
Aided Manufacturer systems, integrated database, electronic communication tools etc. But 
communication  and  computational  technologies  are  not  strictly  necessary  for  the 
implementation of CE.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
303 
 Ways of integration in M. and CE are different. In M these ways are technical (hard or 
soft) while in CE, the ways are organisational; 
 M  is  emerging  as  a  CE  thinking  framework  in  the  process  of  designing  complex 
machines. 
 M is still in a competitive stadium of development, but it has a bright future and will 
grow steadily into the XXI century. 
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THE INVOLVEMENTOF YOUNG GENERATION IN RES INDUSTRY  
 
Camelia CIOBANU, Alina BARBU, Gheorghe SAMOILESCU 
 
Abstract:  With  this  work  we  want  to  present  the  results  obtained  from  the  analysis  of 
questionnaires sent to representatives of higher education institutions in the cross-border project: 
Romania-Bulgaria joint cooperation for sustainable and long-term development of young human 
source  of  renewable  energy  technologies  in  order  overcoming  socio-cultural  barrier  and  the 
opening of joint opportunities of finding a job and employment in the border area, "RES-OP DEV 
№ .2 (3.I) -3.2-4 MIS-ETC CODE 222." 
          
Keywords: renewable energy resources, Romanian-Bulgarian cross-border area, higher education 
 
1.THE  INTEREST  OF  HIGHER  EDUCATION  INSTITUTIONS  FOR  THE 
EMPLOYMENT  OF  YOUNG  HUMAN  RESOURCES  IN  THE  FIELD  OF 
RENEWABLE ENERGIES  
 
It is well known that the European Union is going at the moment through major trials 
which require ambitious economic policies for the 21st century. The European Strategy 20 
[2], the EU presented its vision regarding the social market economy, which has the following 
priorities: 
   effective development based on knowledge and innovation. 
  sustainable  development  by  efficient  promotion  of  resource  through  a  competitive 
economy and ecology;  
  Inclusive development, promoting an economy providing employment and economic, 
social and territorial cohesion. 
Particularly important for Europe 2020 is the principle that investing more in research and 
innovation can overcome the economic crisis. Therefore intelligent specializing in areas that 
use resources efficiently will create economic opportunities for better jobs and why not social 
integration. 
When  we  talk  about  the  efficient  use  of  resources  and  especially  renewable  ones  we 
consider that the activities focused on renewable energies have great potential in terms of 
stimulating the economic development in regions of the EU, because they create new jobs and 
stimulates social development [3]. 
These facts are possible through training and improving the workforce working in the 
renewable energy sector and this can be achieved by supporting researchers and setting-up of 
networks among universities, research centers and businesses in order to promote innovation 
and knowledge -based economy [4]. 
One  of  the  steps  taken  in  this  direction  is  obtained  by  questionnaires  delivered  to 
participants, representatives of higher education institutions on the occasion of  the workshop 
organized by "Mircea cel Batran" Naval Academy RES-Constanta - October 2011 where they 
got the information we present in what follows in response to appropriate questions. 
The first question addressed the target position in the institution, namely: 
- What is your position held in the institution? 
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            b) Career Development Centre 
            c) another function 
The answers we obtained are found in the tables below together with their associated 
graphical representation. 
Institution Management  Career Development Center   Other position 
5  4  21 
 
The result in percentanges 
Total Number  Institution 
Management 
Career Development 
Center 
Other position 
30  16,66%  13,33%  70% 
 
 
 
The second question that we considered to be appropriate to elaborate further analysis 
regarding the increased youth unemployment was:  
-   What are the main reasons for unemployment in the region? 
 
Comments. (You can tick more than one answer). 
a) lack of conditions for business development 
b) lack of sufficient manufacturing companies 
c) insufficient skills of unemployed people 
d) discrepancies between unemployment and vacancies qualifications on the labor market 
e) lack of information on labor market 
f) unemployed person's age 
g) low wage for labor force 
h) economic crisis 
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We have centralized the results as can be seen as follows using a graphical  illustration: 
a  b  c  d  e  f  g  h  i 
16  20  5  10  1  7  15  10  3 
The result in percentages  
Total  a  b  c  d  e  f  g  h  i 
30  53,33%  66,66%  16,66%  33,33%  3,33%  23,33%  50%  33,33%  10% 
 
 
 
The next question we had to ask following the line of consequential logic was: 
 -  In your opinion, does the work of the following organizations have a positive influence on 
decreasing the unemployment rate in your region? 
a)  Labor Force 
b) Job Fairs 
c)  Career Development Centers  
The responses received are centralized in the tables below, as well as  in their 
corresponding representation. 
Total  a  b  c 
30  6  16  8 
The results in percentages 
Total  a  b  c 
30  20%  53,33%  26,66%   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
307 
 
 
 
 
The fourth question arose from the desire to solve the issue of unemployment, namely: 
- What could lead to more jobs on the labor market? 
(You can tick more than one answer). 
a) creating new certification courses 
b) updating the curriculum 
c) contacting representatives of firms to educational institutions 
d) internships (as part of the educational process) to hi-tech companies 
e) other 
 
 
Here are the responses received: 
Total  a  b  c  d  e 
30  17  13  18  20  5 
The results in percentages:  
Total  a  b  c  d  e 
30  56,66%  43,33%  60%  66,66%  16,66%   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Our project directly targeting the renewable energy technologies it was normal for us to 
ask the following question: 
- What role do new technologies related to renewable energy play in creating job 
opportunities? 
● Important 
● Irrelevant 
● Cannot estimate 
The answers we received are listed below: 
Total  a  b  c 
30  22  4  4 
The results in percentages:  
Total  a  b  c 
30  73,33%  13,33%  13,33% 
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2.CONCLUSIONS 
  
The study we made showed that the field of renewable energies represents a vivid 
interest among the representatives of higher education institutions, i.e. .73% of the 
respondents said that new technologies related to renewable energy play an important role in 
creating opportunities for getting new jobs. 
This information represents the results of the research conducted on a sample consisting of a 
total of 30 people, who are interested in what training and specializing in renewable energy 
means.  
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THE LABOR MARKET- RES IN SPECIALIST RELATIONSHIP 
 
Camelia CIOBANU, Alina BARBU, Gheorghe SAMOILESCU 
 
Abstract: In this paper we want to present the results of the questionnaire analysis addressed to 
the representatives of small and medium companies, polled within the project: Romania-Bulgaria 
joint cooperation for sustainable and long-term development of young human source of renewable 
energy technologies in order to overcome the socio-cultural barrier and to find common 
opportunities for work and employment in the border area. 
 
Keywords: renewable energy resources, Romanian-Bulgarian cross border area, labor market 
 
 
1.THE INTEREST SHOWN BY COMPANIES IN THE FIELD OF RENEWABLE 
ENERGY RESOURCES 
 
We begin by recalling that most people do not do anything but consume energy reserves 
and help environmental pollution to an extent so great that we reckon one should bear in mind 
that they are not the last generation on Earth. It is true that we cannot do without power and 
on the one hand most of the production process and thus the profit is achieved by power 
consumption, but on the other hand power consumption means exhaust emissions, greenhouse 
global warming and resource depletion, all of this summing up to a questionable future for the 
next generations. 
Solving this problem can be achieved by using renewable energy resources. Renewable 
energy is one of the areas that promise safe investment for the future. In the last two years the 
number of investors, both Romanian and foreign, increased significantly, Romania becoming 
thereby a country generating green energy with a capacity of 1.541 MW. Development in this 
area is credited by funding programs of the European Commission on boosting renewable 
energy in the future. 
Industrial  competitiveness  -  the  development  and  improvement  of  solutions  for  the 
integration of renewable energies shall create new business opportunities for expansion of the 
market, especially for SMEs. They could help, by their interest in the field, to the creation of a 
large numbers of jobs. In this respect,  we want to as to present the information obtained 
through  the  questionnaires  delivered  to  the  participants,  the  companies  representatives  in 
workshop on  renewable energy field organized by the "Mircea cel Batran" Naval Academy 
RES-Constanta - October 2011. 
The questions had only one possible answer or they were multiple choice-questions. We 
must stress the fact that several respondents chose to give multiple answers, where they found 
it necessary. We centralized the results every time and we illustrated this by using appropriate 
diagrams. 
  So the first question was: 
- What is your position held by the company? 
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The persons asked could choose their answer among the following: 
  Owner 
  Manager 
  Human Resources 
  Other 
 
Owner  Manager  Human Resources   Other 
2  7  1  6 
Results in percentages 
Total  Owner   Managers  Repr.Human 
Resources 
Other position 
16  12,5%  43,75%  6,25%  37,5% 
 
 
The second question was related to the number of employees working with the company 
at the time and the respondents had to choose between three options that we have highlighted, 
namely: 
-  How many employees are there in your company? 
  maximum 20 
  maximum 50 
  over 50 
Nr. Employees ≤ 20  Nr. Employees ≤ 50  Nr. Employees > 50 
2  5  9 
The result in percentages: 
Number of 
companies 
 Nr. Employees ≤ 20  Nr. Employees ≤ 50  Nr. Employees > 50 
16  12,5%  31,25%  56,25%   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The next question was related to main reasons that cause unemployment in our region. 
- What are, in your opinion, the main reasons for unemployment in your area? (You can 
tick more than one answer) 
a)  lack of conditions necessary for business development 
b)  lack of sufficient manufacturing companies 
c)  insufficient skills of unemployed people 
d)  discrepancies between the qualifications of unemployed people and the vacancies on 
the labor market 
e)  lack of information regarding jobs 
f)  the age of unemployed persons  
g)  low wages for the labor force 
h)  economic crisis 
i)  others 
 
Total 
number 
a  b  c  d  e  f  g  h  i 
16  6  5  5  4  3  1  2  9  3 
 
 
The result in percentages:  
Total 
number 
a  b  c  d  e  f  g  h  i 
16  7,5
% 
31,25%  31,25%  5%  18,75%  6,25%  12,50%  56,25%  18,75%   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The idea that unemployment can be generated and that there is a need of changing the 
workplace we thought it would be necessary to know the reasons that lead to changing jobs 
and this way we addressed this question to which respondents had to provide multiple 
answers. 
- In your opinion, what are the reasons that cause some persons to constantly change 
work or alternating periods of employment with unemployment? 
a) inadequate payment 
b) inappropriate attitude of the employer towards the employee 
c) lack of an appropriate place to work 
d) lack of prospects for career development 
e) insufficient qualifications for the position held 
f) other 
 
 
Total 
number 
a  b  c  d  e  f 
16  11  1  2  5  4  3 
 
 
 
The result in percentages:  
Total 
number 
a  b  c  d  e  f 
16  68,75%  6,25%  12,50%  31,25%  25%  18,75% 
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Our purpose as trainers, is to reduce the number of unemployed, especially among 
young people, therefore we considered the following question: 
In your opinion, does the work of the following organizations positively influence the 
unemployment rate in your region? 
a)  the Labor Forces    
b) The Job Fairs  
c) Centers for career  
 
 
We mention that this time there were respondents who chose multiple answers, and this 
proves how necessary the involvement of the organizations we chose is in reducing the 
number of unemployed people.  
 
 
Total number  Labor Forces  Job Fairs  Centers for career 
development 
16  10  4  8 
 
 
The result in percentages: 
Total number  Labor Forces  Job Fairs  Centers for career 
development 
16  62,50%  25%  50% 
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The topic of our research project being the long-term, sustainable development of young 
human resources in the field of renewable energy technologies, we addressed the following 
questions: 
 
What role do new technologies related to renewable energy sources play in 
creating job opportunities? 
  Important 
  Irrelevant 
  Cannot estimate 
 
 
Total number  Important  Irrelevant  Cannot estimate 
16  13  2  1 
 
 
The result in percentages:  
 
Total number  Important  Irrelevant  Cannot estimate 
16  81,25%  12,50%  6,25% 
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We are very much aware that all of the renewable energy technology is a new field leads to 
obtaining specialists and this can be achieved only by means of an ongoing cooperation. That 
is why we deemed appropriate the following question: 
 
How important is lifelong retraining for the purpose of decreasing the unemployment 
rate? 
● Important 
● Irrelevant 
● Cannot estimate 
 
 
Total number  Important  Irrelevant  Cannot estimate 
16  14  2  0 
 
 
The result in percentages:  
Total number  Important  Irrelevant  Cannot estimate 
16  87,50%  12,50%  0% 
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Retraining involves the attendance of specific courses aimed at introducing and preparing 
students for the new working places, and that is why we stated the following question: 
- How many training courses have you made available to the employees of your company in 
the last two years?: 
● No course 
● Maximum 3 courses 
● Maximum 10 courses 
● Over 10 courses 
 
Total number  No course  Maximum     
3 courses 
Maximum  
10 courses 
Over 10 courses 
16  0  10  1  5 
 
The result in percentage: 
Total number  No course  Maximum  
3 courses 
Maximum  
10 courses 
Over 10 courses 
16  0%  62,50%  6,25%  31,25% 
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2.CONCLUSIONS 
 
The study we made showed that the renewable energy sector is highly appealing to the 
representatives of companies, i.e. 81% of respondents said that new technologies related to 
renewable energy play an important role in creating job opportunities, 88% said they consider  
continual retraining very important, and 63% of the respondents said they provided their 
employee with 3 refresher courses. 
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Abstract. The paper presents the role and the importance of logistics for products and services in 
order to obtain the competitive advantage. After a short presentation of logistics evolution, we move 
on  to  defining  the  logistics concept,  respectively  integrated  logistics.  The  analysis  of  the  logistics 
activities  is  based  on  the  total  cost  concept  and  it  has  as  a  purpose  the  efficient  and  effective 
management  of  the  physical  flows  of  raw  materials,  materials  and  finite  products,  and  of  the 
international flows. The competitive advantage is ensured through the harmonization of the logistics 
function with the other functions of the company and through the integration of the logistics chain of 
all upstream and downstream organizations in order to ensure a high level of consumer service at 
economical  costs  under  the  farm  of  supply  chain  management.  In  the  end  we  present  the  main 
tendencies in the evolution of logistics in the Romanian firms under the circumstances of the increase 
of their international dimension. 
 
Keywords: logistics, supply chain, supply chain management, competitive advantage, partner-ships, 
integration 
 
 
1. DEFINITION AND CONCEPT DEVELOPMENT LOGISTICS 
 
United  Nations  Convention  relating  to  multimodal  transport  of  goods  adopted  in 
Geneva in 1980 (Multimodal Transport Convention) defines multimodal transport as: carriage 
of goods by at least two different modes of transport on the basis of a multimodal transport 
contract from a place of a country where the goods are taken over by a contractor multimodal 
transport delivery to a designated place located in another country. 
The rising cost of energy and raw materials in 1970 after concerns imposed to ensure 
efficient procurement of raw materials for production, to purchase raw materials at a low cost 
of  production  and  implementation  of  programs  related  to  the  objectives  of  the  market 
effectively. In this context one can speak of logistics and production logistics supply the 
materials management. Organizer functions (supply, production, marketing, finance, sales, 
etc.). Resulted in "spreading" logistics activities within different functions, the objectives of 
which there were many contradictions, which generated excessive costs or even losses. 
Integrated Logistics based on the analysis of the total cost of logistics activities, with 
the  focus  level  of  service  to  consumers.  This  means  that  at  a  certain  level  of  service 
consumers need to minimize logistics costs more than to try to minimize the cost of individual 
activities, components of logistics. Attempts to reduce the cost of individual activities may 
result in an increase in total cost. The concept of total cost of logistics activities must include: 
the  level  of  service  to  customers,  transportation  costs,  storage  costs,  cost  control  and 
computerization process, selling, manufacturing costs related quantitative. 
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Logistics comprises [1]: planning, implementing and controlling the physical flow of 
materials and finished goods from point of origin to their point of use, in order to make a 
profit and to satisfy customer requirements. The goal is to create logistics supply chains, 
namely physical flows of materials and finished products to final consumers with the lowest 
costs,  knowing  that  their  share  in  the  total  cost  of  the  product  is  30-40%  for  processed 
products.  One  of  the  most  prestigious  groups  of  specialists  in  logistics  in  the  U.S.,  The 
Council of Logistics Management, uses the established term "logistics management", which 
he defines as "the process of planning, implementing and controlling the efficient flow and 
storage bidirectional and efficient goods and services and related information between the 
point of origin and point of consumption in order to meet consumer requirements"[2]. It is a 
general  definition  that  manages  to  highlight  the  physical  distribution  management  and 
delivery  to  customers,  with  the  central  objective  needs  of  consumers,  the  profit  motive, 
namely  to  ensure  competitiveness.  Stresses  that  this  definition  of  logistics  planning, 
implementing and controlling all three activities, and not just one or two, which rejects the 
views that support the logistics involved in implementing more than planning policies, thus 
ignoring  the  strategic  function  of  logistics.  Today,  logistics  has  gone  from  so-called 
traditional approach focused on targeting to the point of consumption, the approach flow and 
storage  inverse  (reverse  logistics)  and  those  who  are  born  at  the  point  of  consumption. 
Logistics "reverse" must receive more attention with the increasing profitability of online 
purchases. 
The purpose logistics, as shown in the definition is "to meet consumer demands", 
which means that logistics strategies and activities must be based on the desires and needs of 
consumers rather than on the requirements and capabilities of other parties. This involves 
designing and managing an effective and efficient communication system, for businesses to 
communicate  effectively  with  their  customers  to  know  their  needs  and  wishes.  All  these 
aspects are very important, but should not be neglected component cost. In many businesses, 
the  cost  of  logistics  activities  reaches  or  exceeds  20%  of  the  total  cost  producers  even 
reaching  50-55%  of  the  cost  of  raw  materials,  which  could  turn  into  important  logistics 
competitiveness through cost. The strategic dimension of logistics is underlined [3] and is 
defined as "the process of managing in a strategic acquisition operations, movement and 
storage of materials, semi-finished and finished products, starting from suppliers across the 
enterprise and its distribution channels with the objective of maximizing profit and prompt 
resolution of customer orders". 
If we chain logistics activities in enterprises producing goods and services, we can 
highlight three important segments that interact with each other, i.e. supply logistics (logistics 
inputs), production logistics and materials management and logistics distribution. If we take 
into  account  the  relationship  with  marketing  logistics,  given  the  marketing  opportunities, 
aimed among others to maximize sales various market segments; we find that logistics is 
nothing more than a "marketing oriented". In this context we can say that logistics aims to 
achieve a level of service to consumers in terms of the five matches: the right product at the 
right place at the right time in the right quantity and at the right cost. The term "appropriate 
cost" is specific to the firm's logistics system. P.F. Drucker [4], with more than four decades 
ago, argued that improvements in marketing and logistics are an important way to obtain 
products at economical cost.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
321 
2. SUPPLY CHAIN MANAGEMENT - SCM 
 
A general  definition of  the concept  of supply  chain  of an  enterprise includes  all 
suppliers,  production  capacity,  distribution  centers,  warehouses  and  customers  with  raw 
materials, semi-finished goods stock and the stock of finished goods and all resources and 
information involved in customer satisfaction. Synonymous terms are logistics network or 
supply network. 
Another definition, more specifically, states that the supply chain is an economic 
process  (business  process)  that  connects  suppliers,  manufacturers,  warehouses,  logistics, 
distributors and end customers and has  the form  of an integrated collection of skills  and 
resources aimed at service delivery and products to customers. In its classical sense, the term 
supply chain management (SCM) includes all coordination and management of all activities 
involved in the supply chain to achieve optimal performance. Currently, some analysts call 
these activities of supply chain operations, in an effort to better reflect the high degree of 
collaboration between the actors involved in this process. 
In the context of the analyzed company, supply chain starts with suppliers and ends 
with its supplier’s customers enterprise customers. Frequently, the supply chain is described 
with costs and revenues involved in each component: 
- costs with suppliers/raw materials; 
- transport costs; 
- costs of production; 
- storage and distribution costs; 
- revenue from customers. 
In the context of e-business, the importance of the chain of request (demand chain) 
covering order processing processes was reconsidered. Current economic conditions require 
firm’s short-term goals, such as: 
- reduce inventory; 
- revenue growth while maintaining constant fixed costs; 
- improved performance. 
SCM  applications  manage  forecasting  applications,  synchronizing  supply  with 
demand (requirement). Matching demand and ensures the ordered product at the right time. 
The concept of authors [5], which in turn cites the views of other authors, can be delineated at 
least possible functions of SCM applications: 
-  planning  -  is  strategic  area  of  supply  chain  management,  which  is  defined 
resources management strategy for a particular business; 
-  management  providers  -  developing  a  set  of  processes  prospect  of  suppliers, 
supplier selection, purchase and payment of goods, monitoring relations with them; 
- manufacture/production - scheduling, launching and execution of the production 
of the goods, if the company carries out production activities; 
- delivery and logistics - coordinate receipt of orders from customers, the operation 
of a network of warehouses for cargo management, and so on; 
- returns management - manage products returned by customers or by suppliers and 
customer relationships with various complaints. 
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3. BUSINESS INTELLIGENCE 
 
Financial management is the kind of management that aims to provide permanent 
organization with the necessary resources and to exercise control board on the effectiveness of 
these cash transactions are involved. 
Firstly functioning will be purchased fixed assets. Fixed assets include, in the case 
of  multimodal  transport  contractor:  buildings,  land  and  equipment.  The  purchase  of  such 
goods is deemed to be capital expenditure. 
Second, the resources to be used for the circulation current, or the current that are 
expected to be converted into cash or consumed in a period of 12 months and in a normal 
operating cycle. In the category of current assets of a multimodal transport contractor may be 
included, for example, fuel. 
The third destination resource is for operating expenses which include: rent, taxes, 
pay subcontractors, insurance and payroll. Ensure adequate resources for operating expenses 
must be one of the major concerns of the financial management of a multimodal transport 
contractor. 
Last  destination  resource  is  the  establishment  of  reserves  (provisions)  that 
materializes cash resources readily usable by high liquidity to ensure the company's ability to 
meet special events - the so-called "dark days syndrome" reserves are also part of current 
assets. The funds thus distributed shall finance business for the agreed credit period. 
In order to monitor and control financial performance literature is recommended to 
calculate two indicators. The first of these is the return on capital employed is calculated as a 
percentage ratio between net profit and total assets. The second is the commercial rate of 
profit calculated as a percentage ratio between net profit and sales. 
We propose to calculate a third indicator that is called return on assets, calculated as 
the ratio between sales and total assets and expressed in lei showing how sales are generated 
by  a  lion  in  assets.  The  second  aspect  for  prudent  financial  management,  a  multimodal 
transport company need to consider is solvency. Indicators that we would recommend for use 
are leverage and interest coverage. 
Indebtedness is a relationship between passive and indicating the share capital and 
credit for multimodal transport company is calculated by dividing long-term loans to long-
term loans aggregated with shareholders' funds. Interest coverage is calculated as the ratio 
between net profit and interest on the loan. 
Finally,  last  but  not  least  important  aspect  on  which  multimodal  transportation 
company should focus is liquidity. The most important indicator that provides information on 
the situation in relation to available funds outstanding commitments of the current accounting 
firm is the index which is calculated as a ratio between current assets and liabilities due in the 
short term, less than 12 months. 
Management  structures  have  come  to  expect  a  powerful  tool  for  measuring, 
monitoring and tracking of key business processes. Amid tightening competition, managers 
now need to solve complex problems, often insufficiently clearly defined, with implications 
for multiple plans. Whichever solution  is  chosen among the leading business  intelligence 
functions include: 
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- Planning controls lifting and cargo delivery in time efficient working conditions, 
distance traveled and resources used; 
- Automating logistics processes; 
- Workflow management in real time; 
- Optimal use of space charge; 
-  Monitoring  performance  indicators  (KPI)  and  generate  reports  tailored  to  the 
organization; 
- Interfacing with ERP, TMS, WMS, GPS (including SAP ®); 
-  Automatic  route  planning  for  all  types  of  transport:  retail  distribution,  LTL 
transportation, transport containers, intermodal transport, postal and courier services, 
transport tanks, vehicles, naval, air or mixed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Modules of Business Intelligence solutions 
 
SCM package provides several modules for different functions in the supply chain - 
sales  of  companies  that  purchase  this  package,  select  and  implement  those  that  fit  their 
business. Among these functions are: 
- collaboration in the supply chain; 
- collaborative design; 
- collaborative achievements; 
- demand planning and supply; 
- production planning; 
- event management in the supply chain; 
- performance supply chain management, etc. 
As for Romania, we must remember that the Romanian companies still operate in the 
manner  classic  traditional  SCM  solutions  while  recognizing  the  importance  of  effective 
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Some  of  them  have  implemented  SCM  solutions,  but  limited  in  number  and 
functionality. In response to market needs, the solutions presented in most cases the modules 
integrated into ERP application, but also with connections to applications like SCM, CRM, 
BI. 
 
4. LOGISTICS IN ROMANIAN INDUSTRIAL ENTERPRISES 
 
In the last fifteen years, the managers of Romanian industry faced multiple problems 
caused  by  difficult  economic  instability,  inflation,  shortening  product  life  cycles, 
environment, market conditions and diversification of demand. All this makes it difficult to 
find a way to organize the most effective and efficient logistics companies in general and in 
particular.  Currently,  there  are  industrial  companies,  primarily  those  with  private  capital, 
which have a timely and efficient logistics organization; however we can speak of an effective 
organizational structure of logistics in a few enterprises. 
Concerns of integrating logistics activities under a single authority meet after 1990. 
Thus,  we  can  say  that  companies  who  designed  and  developed  logistics  organization 
organizational structures were oriented primarily towards transport and storage activities that 
are included logistics managers control more than 70%, followed by the Order and delivery, 
inventory control and supply. In the large and medium-sized logistics function is headed by a 
manager  to  the  position  of  Vice  President  or  Executive  Director.  The  introduction  and 
development of logistics in the value chain of Romanian enterprises were made under the 
pressure of two forces, namely: 
  Transition  to  a  market  economy,  a  process  that  Romanian  firms  subject  to 
increasing pressure of competition, lower costs and eliminate competitors access 
to  public resources  leads  firms  to  reduce capital  requirements  by resorting to 
logistics; 
  Integration  of  Romanian  firms  in  the  global  economy,  especially  taking 
performance  of  components  and  operations  of  the  final  products  whose 
realization  depends  on  participants  located  in  several  countries,  requires 
discipline and rigor logistics contract enforcement [6]. 
Better internationalization Romanian logistics system allows businesses, primarily 
SME’s, to exploit the opportunities offered by the development of international trade in goods 
and services, by exploiting the competitive advantage offered by logistics. 
Currently  there  are  a  number  of  challenges  facing  the  transport  system  and  its 
development  led  to  increased  competitiveness  and  development  in  energy  efficiency 
technologies.  Thus,  a  more  accessible  transport  system  should  be  prioritized  traffic 
management.  Regarding  freight  for  the  whole  transport  system  efficiency,  in  addition  to 
encouraging projects aimed scheme applied to freight and developing new solutions for the 
delivery  of  goods,  smart  technologies  and  Intelligent  Transport  Systems  (ITS)  play  an 
essential  role  in  achieve  the  objectives  of  transport  policies  on  developing  an  efficient, 
effective and sustainable.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The  role  of  ITS  is  generated  by  the  problems  caused  by  traffic  congestion  and 
development  of  new  information  technologies  in  simulation  for  real-time  control, 
communication networks, providing the opportunity to address issues related to urban traffic 
management  in  an  innovative  manner.  Congestion  reduces  efficiency  of  transportation 
infrastructure and has a negative impact on travel time, pollution, energy consumption. 
In urban traffic management and logistics are key factors underpinning the successful 
implementation  of  ITS  and  for  involving  stakeholders,  development  of  partnerships,  the 
application of essential tasks, optimize network performance, maximizing automation and 
minimize human intervention at the operational level 
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ABSTRACT:  The  benefits  of  strategic  management:  improved  communication,  increased 
understanding, enhanced commitment, allow firm to influence, initiate and anticipate, be proactive 
rather  than reactive, greater productivity, more effective strategies. A competitive strategy consist 
of moves to: attract customers, withstand competitive pressures, strengthen firm`s market position. 
The firm must engage in strategic planning that clearly defines objectives and assesses both the 
internal  and  external  situation  to  formulate  strategy,  implement  the  strategy,  evaluate  the 
progress, and make adjustments as necessary to stay on track. 
 
Keywords: management, prognosis, strategy, manager, company. 
 
 
1. REQUIREMENTS AND PROMOTION OPPORTUNITIES OF THE 
STRATEGIC MANAGEMENT  AT THE LEVEL OF THE COMPANIES 
 
1.1. Role of strategic management 
Management is a concept as a system and so the analyze of factors which determines 
the dynamic evolution of the system as well as the impact of their interaction make necessary 
the attempts to figure out the behavior of the system, in the future. In the concept of system, 
the object of study of management is the ensemble f systems which can be directed, so whose 
dynamics and whose status involve certain parameters of movement or decision.  
Modern  management  is  a  concept,  first  of  all,  as  a  dynamic  activity  in  continuous 
exchange, this being required first of all by the dynamics of the external environment which 
impresses  upon  the  management  a  character  of  rapid  and  efficient  adaptation  at  the  new 
conditions. So, dynamic management concerns the economic unit as a complex organism in 
continuous  increase  or  movement,  permanently  preoccupied  by  continuous  creativity  and 
perfection of its entire sides of activity, to  ensure the competition capacity and the rapid 
adaptation to the requirements of the market.  
Dynamic management imposes the provisions, namely identification of the tendencies 
that will act as a perspective. Its future is not unique, but appears under the form of a fan of 
possible variants, description of the multitude of possible opportunities forming the object of 
prospective research. Prospective researches are researches oriented towards the description 
of the future dynamics of a system that contains the fan of solutions and possible status with 
the purpose of underlining the horizon where it acts. So, prospective researches appear as 
indispensable instruments of the strategic management.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The strategic management can be conceived as a system prognosis – strategy – plan.  
Prognosis is defined as being a probable evaluation established in a scientific modality, 
of the quantitative and qualitative evolution of a certain system in a period of time. So, it 
represents the results of some research which aims to establish conditions, possible status and 
probabilities associated to them, in an established future, named horizon of the prognosis. 
Prognosis is a probable alternative of behavior of a system in the future.  
Strategic,  dynamic  management  is  based  upon  strategic  system  –  prognosis  which 
allows a rapid and continuous adaptation to the new conditions which appear in the external 
and internal environment of one organization. Considering these conditions, strategy concept 
and the strategic management ensures the modality to face exchange.   
The strategy for an organization describes the modality through which it functions to 
reach proposed objectives,  shows how concurrency  can be defeated. Proposed objectives, 
external  and  internal  environment  are  factors  determined  of  the  strategic  management. 
Strategic management ensures an organization with an action of convergence in the sense that 
component part of the organization work together to realize the same objectives and targets.  
Without  organizational  ensured  guidance,  by  the  strategic  management  can  not  be 
ensured a unit of the purposes of the organization, as the natural tendency of each system is 
towards an entropy, and for organizations, this is translated by the fact that each activity, 
which is a part of this, has the tendency to be separately developed by the other activities.  
 
1.2. Modifications of the mentality and behavior of managers 
Practicing at the level of Romanian companies of strategic management, as management 
form, which focuses on changes previsions, impose the exchange of mentality and behavior of 
the  responsible  ones.  To  face  changes  and  constraints  that  characterize  the  social  – 
economical environment, the managers of the Romanian companies must learn how to realize 
the activity in the incertitude climate that is characteristic to this transition period and to 
assume risks and responsibilities according to their hierarchical level. They must be capable 
to observe and to anticipate threats and opportunities and to prepare the company to face, 
prevent and/ or fructify. This fact supposes the fulfillment of several requests: 
- awareness of the fact that prevision is the most important part of management’s function, by 
managers and the other decision factors; 
- adoption of a behavior and of an attitude that is not only reactive, but especially proactive 
towards exchange, the only ones that are capable to allow to the companies nu only to react 
but  also  to  be  adapted  to  change,  but  also  to  anticipate  mutations  from  their  action 
environment and to influence it to a certain extent, offering the possibility to adopt the best 
strategies; 
- abandoning the expectance  status  and of general inertion by the old system of permanent 
monitoring of events from external and internal environment, the identification of possible 
exchanges, adoption of decisions and establishing direction of development that will allow 
companies to respond in an adequate manner to changes. 
 
1.3.  Development of professional knowledge and managerial abilities 
An important premise for the promotion of strategic management is the modification of 
the behavior and the managerial attitude towards exchange. A manager is efficient when has   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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strategic vision on phenomena and processes that are realized inside and outside the company 
and takes care of its future. Here are necessary strategic vocations, enterprising spirit based on 
initiative, competition and accepting risks.  
From  the  perspective  of  practicing  strategic  management,  managers  must  take  into 
account the following aspects; 
a) departure point in strategic management and in formation of the strategy must be realized 
by the most precise definition of the mission of the company; 
b)  establishing  some  fix,  realist,  quantified  and  stimulating  objectives,  in  tight 
interdependence and inter conditioning with the mission of the company and the analyze of its 
internal and external environment; 
c)  formulation  of  some  realist  strategies  that  are  expressed  in  the  specific  of  the  present 
transition period and their success supposes taking into consideration and recognition of the 
company as complex political system and the impact that power rapports and internal and 
external  social  –  political  powers    of  different  groups  of  interests  might  have  on  its 
functioning 
d)  formulation  of  the  strategy  followed  by  operational  character  of  some  organizational, 
managerial and cultural modifications, as well as ensuring and allocation that is correspondent 
to resources; 
e)  the  importance  of  elaboration  of  some  ―eventuality‖  strategies,  depending  on  several 
sceneries regarding the possible modification of the national and international frame.  
 
 
2. THE NECESSITY AND IMPORTANCE OF ORGANIZATIONAL CHANGES 
 
Dimension,  strategy, environment have influences  on organizational  structure of the 
company. In approaching problems of organizational restructuring, to allow the capitalization 
of competitive, potential advantages that the company has, must be taken into account the 
following hypothesis: 
- there is an ideal or perfect structure type, but a structure that is more or less adapted to the 
context of political choices, preferences of the managers; 
- even if the adaptability of the company and, implicit, of its organizational and managerial 
structures  is  a  conditions  to  survive,  they  seldom  generate,  a  lack  of  motivation  of  the 
employees and modifications in their behavior; 
 - in realization of the process of organization structure there interfere several ―actors‖ which 
have a limited representation according to the sense of own action, which introduces a relative 
determination in their behavior; 
-  the  managerial  preference  must  be  understood  in  the  sense  of  selection  field  and  not 
necessarily of free choice; 
 
2.1.  Modalities of realization of organizational changes 
The  dominant  conception  regarding  the  realization  of  structural  –  organizational 
changes summarizes to three stages: 
-  ensemble  conception  of  the  structure,  selection  of  departments  principles  that  are  most 
adequate to translate into practice the major strategic orientation of the company.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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- detail conception, namely the identification of the quotidian operational duties and granting 
them major segments that are defined in the previous stage; 
- definition of the subsystems of accompanying management: planning, control, information, 
management of human resources.  
We  talk  about  a  rational  analytical  intercession.  Meanwhile  small  changes  are  not 
seized, great exchanges, if are not monitored can lead to decrease of performances, as well as 
of the moral of the employees. It is necessary to know the advantages and disadvantages of 
different types of structures, of the context in which the company activates and the most 
adequate methods of management of human resources. 
 
 
3.  FORMATION  OF  A  NEW  ORGANIZATIONAL  AND  MANAGERIAL 
CULTURE 
 
The culture of the company is tight connected to the national culture, of positive and 
negative characteristics of a nation. Due to its complexity, the culture of any company can 
hardly be modified. This is the reason for which it might be an advantage or on the contrary.  
The  tight  connection  that  exists  between  culture  and  strategy  and  the  reciprocal 
influence between them, involves in an absolute manner the approach of the culture of the 
company not as a given aspect, but as an evolutional element, possible and necessarily to 
modify, to favor the implementation of the strategy and to realize together with it the capable 
synergy and to increase the performance and competition character of the company. If we 
refer to Romanian companies, it is obvious the fact that their cultural dimension is powerfully 
marked by some characteristics that depend on the cultural specific of our nation.  
For companies in Romania, the formation of a culture supposes the modification of 
behavioral  norms, adhesion  to  a new system  of values, a pro-work attitude, flexibility in 
thinking, a climate that will favor the creating emulation, innovation of the competition and 
orientation  towards  perspective.  The  managers  of  the  companies  must  be  aware  of  this 
dimension and to manage the cultural exchange to maintain harmony between strategies that 
will  be  implemented  and  behavior  norms,  values  and  aspirations  of  the  employees, 
expectation and interests of the shareholders and owners of the companies.  
 
4. CONCLUSIONS 
 
For Romanian companies, practicing the strategic management is a necessity, the more 
that  transition  to  market  economy  positions  in  front  of  them  some  new  challenges,  and 
environment factors that generate turbulence are more powerful that in conditions of normal 
market economy and determines specific attitudes and behaviors from economic agents and 
the other ―actors‖ and groups which interact with companies.  
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Abstract:  As in any analysis of impact it is needed that the analysis team include relevance factors and the 
method of analysis to be one that takes into account the frequency of some activities and the gravity of the 
consequences. The first requirement was met by including in the team of authors persons that have a common 
point in their professional activity, as employees of Electroputere Plants. After the disponibilization what has  
„torn up” this great company, the majority of the employees have migrated to other organization and worked 
further in the implementation, certification and the improvement of integrated management systems.   
The second requirement was met by the team through the adoption of a form that would be further sent to 
companies which have a certified management system. The analysis of the data received follows. 
It is concluded that the implementation of quality/environment management systems environment has significant 
impact on the economic results by increasing turnover, through awareness of the importance of environmental 
demands in relation to the company`s increasing dimensions and  by realizing the  usefulness of measures such 
as training. 
 
Keywords:  Analysis of impact,  the benefits of the management systems, certification of SME 
 
 
1. INTRODUCTION.  THE  DATA  OF  THE  PROBLEM.  THE  ECONOMIC 
CONTEXT 
 
While documenting for this article we have examined the documents published by ISO -
The International Organization for standardization and ASRO - The Standards Association 
from  Romania.  There  /1/,  we  have  found  extensive  studies,  which  confirm  that  the 
standardization  and  implementation  of  management  standards  in  particular  has  beneficial 
effects on the economic activity of the company. At international level, more than 1,000,000 
companies have been certified ISO 9001, since 2007.  
We  also  passed  review  on  the  strategic  objectives  proposed  by  the  Government  of 
Romania  during  2013-2016.  Two  of  them  /2/  make  reference  to  ―energy  efficiency‖  and 
―environment protection‖ and ―the grown-up competitiveness of Romanian companies‖.  
Thus,  in  order  to  promote  competitiveness,  innovative  companies  will  be  supported; 
impact  analysis  on  industrial  competitiveness  and  quality  assessments  for  intelligent 
promotion will be carried out. Regarding the second objective,  measures for rehabilitation 
will  be  taken,  modernisation  or  replacement  of  existing  installations,  for  increasing  the 
efficiency and reducing the impact on the environment, the promotion of European standards 
relating  to  the  minimum  levels  of  energy  efficiency  in  industry,  transport,  construction, 
agriculture, services and in the residential sector.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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 In  a  previous  article  /3/  it  was  appreciated  that  the  SME  sector  has  a  substantial 
contribution to GDP, by creating new jobs. SME have the ability to respond in a flexible 
manner on highly  competitive markets and the ability to adapt quickly to changes in the 
economy.   
The question rises: How do things stand in Romania, at least in the South-West Region of 
Oltenia? 
To answer this question we considered useful to decide upon: 
-a) the stages followed to complete the implementation of management standards (ISO 
9001 and ISO 14001); 
-b) the reasons for which they were impelled to do so; 
-c) to analyse whether the adoption of standards has led to the success of the company. 
 
1.1.  Regarding the stages to follow, we consider that ―the path‖, can be illustrated 
by Figure 1. 
 
 
 
 
 
Fig. 1. Stages for implementing a management standard 
A few opinions on the differences between companies, based on the authors experience 
are needed: 
-in stage 1, the SME will certainly contact a consulting company, while a large company 
with human resources staff will resolve the problem on their own. There are situations in 
which the beneficiary plays the role of the consultant, and thus it is interested that its supplier 
should become a trusting partner! 
-management systems certification applies only in stage 3. One cannot ask a certification 
body to grant certification, unless they make their own management analysis and declare that 
the organization has already implemented a system. 
 
1.2. The reasons for certification have been established through sampling. See section 2.2; 2.3 
1.3. In terms of success, things are relative. In times of crisis, success can be equated with 
survival. In other situations, it can be related with turnover growth of the company.  
A good representation of its quality system implementation is that of CGE - Canadian 
General Electric, on the occasion of the transfer of license for NPP engine pumps. 
It is shown in Figure 2 and it is focused on the reflection of costs (generally the quality) 
of the company before and after implementation. 
The total costs are represented by a rectangle of area equal to 1. 
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Figure 2 Cost of quality evolution after successful implementation of management standards 
 
Notice the 3 straight which characterize the transition to implementation of a quality 
management standard. The following comments must be made: 
- right a) of positive slope means a surge in the costs of prevention; 
- right c) with negative slope means a decrease in costs with flaws, both internal and 
external (complaints); 
- right b), parallel to the time axis, t, signifies the existence of a line balance, specific to 
each product category, between the underlying costs and those above the line. 
 
2. ORGANIZATION OF IMPACT ANALYSIS 
 
2.1. Theoretical and practical elements 
a. Quality management system based on process (adapted from /4/), Figure 3. 
Longitudinal flow is present in any SME from the moment of creation. This flow presents 
operational processes, which are placed between the moment of taking the order until delivery 
of the product/service provision. 
The transverse flow is the one that presents the management processes: ―responsibility of 
management‖, ―management of resources‖ and ―measuring, monitoring and improving‖. 
Viewed in 3D, this workflow can be compared with a helical arc. The model highlights 
that after each restart of the cycle of production, a higher level can be reached. 
The ISO 14001 model /6/ reproduces the model of ―helical arc‖ and subscribes the 
PDCA cycle method: Plan, Do, Check and Act (improvement).  
There  are  for  sure  the  early  elements  of  management  processes  in  SME-s:  internal 
regulation,  job  descriptions,  environmental  permit,  etc.,  but  the  initial  situation  is  often 
characterized with a certain amount of humor: 
Wise Manager + Wise Employee = PROFIT; 
Wise Manager + Stupid Employee = PRODUCTION; 
Stupid Manager + Wise Employee = PROMOTION; 
Stupid Manager + Stupid Employee = WORKING OVERTIME   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 3. The interaction of processes in the framework of an integrated management system 
 
The real difference is the implementations of the requirements of quality/environmental 
management standards, which require that for each of the processes identified in Figure 3, to 
describe the way in which these processes are being done.  A common term in management is 
that of ―process held under control‖, which signifies the fact that within the company and 
even  outside  it,  there  might  be  some  factors  which  can  remove  the  company  from  its  
objectives. E.g.: low-skilled personnel, equipment loans, uncertain methods, crisis. 
 
b. Certification (Registration) 
ISO 9001 and ISO 14001 are standards for the certification of the management system 
within an organization. The certification body guarantees that the following audited standards 
are implemented. More precisely, the staff is acquainted and applies the policy effectively as 
well as all the documented procedures of the organization.  
The audit team follows the system`s effectiveness, ―to do what you wrote‖. Irregularities 
found  during  the  audit  classify,  gradually,  in  major  or  minor  non-compliances  and 
observations. They are treated as follows: 
-a) In the first case, the company shows no confidence that will accomplish the objectives 
(e.g.  increased  customer  satisfaction)  or  environmental  performance  (e.g.  no  penalty  or 
pollution) and does not certify. It needs to work further ―to implement the requirements‖. 
-b) In the second case, trust is limited and the certification is granted after resolving 
minor non-compliances; 
-c) In the third case the system shows confidence, and small deviations will be treated 
independently and checked at the next audit. 
 
2.2. The design of the questionnaire and the composition of the sample  
a. The questionnaire was slightly more complex than that used in the analysis /3/, because 
as a result of discussions it was considered necessary to include organizations of all sizes 
(small, medium and large), to identify the reasons that have led the company to request the 
certification and to differentiate groups of hypothetical benefits criteria.  
In the end, the List of Reference containing 12 listed criteria, along with common answers 
in table 1 was established.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Table 1. Self-assessment and prioritization criteria overview 
List of Reference  
Self-assessment criteria 
Frequency, %,  
Relati
ve 
Cumulat
ed 
Internal communication has improved, regarding reports to management, 
from  bottom up 
1.95  1.95 
External communication, with clients has improved  9.27  11.22 
Legislative requirements are rigorously tracked  17.1  28.32 
The relation  with authorities has improved   2.44  30.76 
Suppliers  are  selected  more  rigorously  and  no  longer  cause  so  many 
problems 
1.95  32.71 
The  number  of  clients  increased  /    New  market  segments  have  been 
entered into 
14.1  46.81 
The concern for staff training has increased    7.8  54.61 
The number of non-compliances has been reduced / Year in production  2.93  57.54 
The number of post delivery has been reduced      2.93  60.47 
The analysis of certain issues is now operative, without trying to hide the 
truth  5.37 
65.84 
The company's image improved in the eyes of the employees  2.93  68.77 
The  company`s  image  improved  in  the  eyes  of  stakeholders  (banks, 
integrators, partners)   7.32 
76.09 
There are more internal audits than before  1.95  78.04 
Clients  questioning  is  being  done  periodically  /  recommendations  are 
asked for 
5.85  83.89 
In general several indicators are being monitorized   12.2  96.1 
Preventive actions are more common within the company  3.9  100 
Legend: Q= quality, E = environment 
The questionnaire also requires indicating the first 3 most important references, from both 
systems, quality and environment. At the same time helpful questions have been introduced 
for understanding and validating the answers.  E.g.: year of certification, reason, heading for 
actual improvements. 
 b. Sampling 
The  questionnaire  has  been  submitted  to  10  companies  that  have  quality  certification.  6 
companies, manufacturers and assemblers of machines and devices answered. Thus, a share of 
66% of SME-s is being held in total. Export production is achieved only by large companies 
and one of medium size.   
 
2.3. Methodology for processing. Findings from the questionnaire response analysis 
 For finding relative frequency listed in the middle column of Table 1, several steps have been 
followed: 
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The  questionnaires  have  been  validated,  the  score  criteria  has  been  calculated,  with  the 
following scale: 
-for the criteria indicated in first place, 5 points were assigned; 
-for the criteria indicated on the second place, 4 points were assigned; 
-for the criteria indicated on the third place, 3 points were assigned; 
-for the criteria mentioned just once, for the questioned segment, 1 point was assigned; 
-for the unmentionables criteria, 0 points have been assigned. 
 
With the data from 
the middle column of 
Table 1, after sorting, 
in descending order, 
the Pareto Diagram 
was built 
 Figure 4 
 
Figure 4.  The Pareto Diagram 
The relative importance of  the criteria for self-assessment 
Among the advantages which received the highest score resulted from the questionnaire 
we find:   • more rigorous follow-up of legislative requirements; 
• the increasing number of customers/entering new market segments. 
The  Pareto  Chart,  is  better  known  in  management  under  the  name  of  ―chart  20/80‖, 
because it allows identifying the 20% of the factors (evaluation criteria) that lead to 80% of 
the effects. Under the terms of this sampling 80% of the effects have been obtained by a 
number of 8 factors, meaning 50%.  
It appreciates that the ―deviation‖ from theory would have been smaller, if a larger number 
of companies would have responded. It is not excluded, but the influence of the criteria from 
the list is considered to be smaller.  
              Table 2. The most relevant factors regarding the improvements of the 
implementation of the management systems 
 
No.  Criteria for assessment from the questionnaire  Score 
Relative  
Frequency 
1.    Legislative requirements are rigorously tracked  35  17.1 
2.    The increase in the number of clients / Entrance into new market 
segments  29  14.1 
3.    Generally, several indicators are monitored   25  12.2 
4.    External communications had improved (clients)  19  9.27 
5.    The concern for staff training raises   16  7.8 
6.    The image has improved in the face of stakeholders  15  7.32 
7.    Regular clients questioning is being performed 
/Recommendations are required  12  5.85 
8.    The analysis of certain issues is more operative, no truth is hidden  11  5.37   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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 Are these criteria equally important for a SMALL and a large company? 
By  arranging  the  score 
given  to  the  8  criteria  in 
Table 2, on the three types 
of  companies  (small, 
medium  and  large)  and  on 
the  management  systems 
(quality  and  environment), 
the  following  bars  diagram 
from Figure 5 is obtained.  
 
Figure 5. The influence of the company`s size over the criteria 
(blue = quality;  red =  background) 
From Figure 5 we can draw the conclusion that in the case of medium and large – sized 
companies  the  assessing  criteria  specific  for  environmental  management  are  perceived  as 
important.  The legislative framework also helps. 
 
3. CONCLUSIONS  
 
Compared to the previous article /3/,  conducted on a double sample, which contained only 
SME-s, now a more comprehensive overview is being obtained, by reporting the perception of 
SME-s to the larger companies. Starting from the medium-sized enterprises the importance 
given to environmental management grows.  
At the same time, the main causes that lead companies to make implementation and require 
the certification of the system, (a preventive expense), are those related to the supply chain.  
Thus, if in the previous article, about 15% were involved in public purchasing, about 6-7% 
were  exporters  or  subcontractors  of  international  companies;  now  we  find  that  the  entire 
sample  participates  in  auctions,  where  the  contracting  authority  requires  the  existence  of 
certifications or there are clients that require it. 
It is to be noted that between the 8 factors of assessment, along with the „increasing of 
number  of  clients‖  and  „the  increasing  of  external  communication‖,  „the  increasing  of 
concern for staff training‖ and „a more operative analysis of problems‖ appear. These last are 
the real solutions of the effectiveness and efficiency of management systems. 
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THE MANAGEMENET OF MUNICIPAL AND INDUSTRIAL WASTE 
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anama_72@yahoo.com 
 
Abstract: This paper presents the main aspects regarding the municipal and industrial waste. 
A waste tabular structure, the international symbols of their collection and treatment, and the 
codes  of  the  waste  main  types  are  also  exposed.  The  European    objectives  on  waste 
management and on population education regarding the waste recovery and recycling with 
direct impact on environment protection are focuse. 
 
Key words: waste, selective collection, recycling, waste incinerator. 
 
1. INTRODUCTION 
 
The  theme  of  the  paper  presents  essential  elements,  with  examples,  regarding 
some  aspects,  about  dealing  with  the  waste.Some  of  these  are  :  used  terms,  their 
classification, origin  fields,collecting techonologies-with  processing  and recycling or 
reducing with  aport of energy, as well as other parameters, elements which are studied 
through the sustained developments environmentally and socially, about the safty and 
protectin  of  the  people  and  that  of  the  environment.  Recycling  waste  represents  a 
necessity  nowdays  as  well  as  an  obligation  imposed  by  the  European  Union.The 
European Union standards impose the selective collecting of at least 4 Kg of recyclable 
waste per inhabitant yearly. In our country the collection of the waste is done at a large 
scale, but the selective process  is done in a small percentages.By the term of waste in 
industry is understood a reminiscence of a material prepared under the form of a product 
for example:  metallic splinters  from  processing metals.  In marketing, the most best 
example is the wropping of the electronic products or the food. The term of‖garbage‖ is 
realively used to name the waste from houses or from the street for example garbage 
container, ding mixed with straw.The waste or the garbage are terms which show the 
some meaning or treatment.The term of‖waste‖ also has a technical meaning and is used 
in this field. 
 
 
2. THE IDENTIFICATION AND THE STRUCTURING OF THE WASTE. 
  
After a thorough study we identified the producing source of the waste and its 
origin.These are presented in a table below( table 1).It is wished that the table, the 
structural  or  logical  schemes  shoud  contribute  to  a  clear  presentation  and  that  they 
should be a support for an easy memorizing of the transmitted information.  
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Table1 Division into parts of the objectives and the action areas in the field of waste. 
 
 
 
 
 
 
Curent 
number 
Waste: types, objectives, treatment  Technological activities of action 
1  Recyclable( recyclable waste) 
 
The  treatment  of  the  recyclable 
waste and their use. 
  Unrecyclable (unrecyclable waste)  The best elimination of waste/ 
Unrecyclable waste 
2  Municipal  By  convention  including  the  rural 
ones as well. 
  Industrial  Dangerous industrial waste 
Waste from mining industry 
Waste from energetic industry. 
3  Municipal Waste from  Houses 
Streets 
Economic  agents  from  productive 
industrial units 
Administrative  spaces:  offices, 
schools,  shops,  waiting  spaces 
(stations, airports) 
  Rural Waste( dense living spaces, difficult areas)  Dense living spaces 
Rural areas with small density 
Mountaineous areas 
4  Types of waste  Dangerous and very 
dangerous(radioactive waste) 
Not dangerous 
Inert 
 
5  General Ojectives of Managements  Reduction to the production source 
Selective collection 
The treatment of the recyclable 
waste in order to produce objects 
(objects with double use) 
The controlled deposit of the waste 
left from the treatment in order to 
obtain a minimum impact on the 
environment and the population 
health 
 
6  Vehicles-with other types of engines which use regenerating 
energy. 
Electric energy 
Bio-fuel 
Bio-gas 
7  The specific treatments of the 3E waste, including bulbs, 
batteries, electric chargers 
Electric 
Electronic 
Household appliances   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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3. THE STRUCTURING OF THE WASTE AFTER THE PHYSICAL STATE 
OF THE MATERIAL CONTAINED:  
 
gas state: carbon dioxide, gas from cosmetics or food cans,  
lichid state :burnt oil coming from household, burnt oil coming from machines and 
vehicles, waste from animals, water with organic content , solvents,  
wet state flowing :paint,thick grease,ketchup, eggs,rests,  
soft:  jam,mustard,yoghurt,  adhesives,grease,  sauces,rests  from  peeling,  depreciated 
vegetables, solid: cheese, old bread,:-poulverent:flour, corn flour the vegetables consistent: 
cheese, coffee/cocoa,ash, rests,  
solid state of cigarettes, granulated:rice, bean, medicines,  
small pieces: electronic  devices, bulbs, batteries, cans, splinters, pieces of glass, gas 
cylinders,  jars, bottles, ceramics, faience, grit stone, 
big  pieces:  pieces  of  plastic,  metals,  wood(window,  doors),  wrapping  (carton, 
aluminium), gas cylinders, jars, glass/plastic cans,  
elements  of  length  and  large  masses:used  carpets,  timber,  boilers,  recipients,  used 
furniture, vehicles out of flexible: paper,carton, leather. 
 
 
4. THE SYMBOLS OF COLLECTING AND TREATING WASTE. 
 
It is targeted the evidence of the symbols in the field:indications, labels, codes for 
identification/recognation, the collection of waste, the protection of the environment and of 
our health. A bulb contains harmful substances such as mercury, which mixed with other 
waste even biodegradabile, gets to the garbage container and from here into nature. Although 
in a small quantity the mercury can lead to serious diseases for people and the animals from 
nature.The life of the mercury is interrupted when the bulb reaches the garbage hole. That is 
why the lighting bulb  when it becomes waste must be taken to recycling. The mercury which 
it  contains  doesn’t  harm  nature  and  it  is  reused  in  order  toproduce  other  bulbs  on  the 
markets.In this way a complete cycle is  closing and another one is following the same route-
the double life of the row material-the mercury. From this process of functioning of the bulb 
with recycled mercury the symbol of recycling was inspired(fig.IV.1.) .Indications about the 
ecologic  collection  are  presented  in  figure  IV.2  The  selective  collection  is 
translated/materialized in one type of waste put into a container from a certain category. The 
selective  collection  containers  are  of  different  shapes  and  colours,  their  symbols  being 
explained in figure IV.3-example: only batteries, cans or bulbs.In the case of a permanent 
defection  of  a  DEEE  machine-battery,can,bulb  or  in  the  case  of  a  repair  which  is  too 
expensive, the indication of the fact that it should not to be thrown into the house waste 
container is symbolized in figure IV.4. Also in exemplifying ends it is presented a symbol of 
container used to collect house waste DEEE (figure IV.5), the symbols for products which are 
extremely inflammable(figure IV.6) and for deposited  radioactive  substances (figure IV.7) 
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Fig.IV.1.a–International 
symbol of recycling 
 
Fig.IV.1.b-A 
recycling wrapping 
for children 
 
 
 
Fig.IV.2 The 
selective pre-
collection, symbol of 
civilization 
 
 
Fig.IV.3 Symbol of 
selective collection 
 
Fig. IV.4 –Symbol which 
forbids throwing DEEE 
cans, bulbs,batteries in the 
house garbage 
 
Fig. IV.5 –Container 
of selective collection 
of DEEE waste 
 
Fig. IV.6–Symbol for 
extremely inflamable 
products 
 
Fig. IV.7 –Symbol 
for warning against 
deposited 
radioactive 
substances 
     
     
5.  OBJECTIVES,  PRINCIPLES  AND  OPTIONS  ABOUT  THE 
MANAGEMENT OF THE WASTE. 
 
5.1 General objectives: reduction to the generating source of the waste, produced 
quantities  and  their  bad  effects.Selective  collection  of  recyclable  waste  ,including  their 
recycling and unrecyclable waste through techniques of adequate elimination/destruction.The 
treatment  of  the  recyclable  waste  for  the  production  of  objects  and  unrecyclable  for  the 
production of termic and electric energy.The controlled deposit of the rests left after treating 
the waste by assuring a minimum impact over: the health of the population, the enviornment . 
 
5.2 Principles of the management of the waste: 
The  protection  of  the  primary  resources,  especially  of  the  ones  which  are  not 
regenerating,  the  prevention  of  the  waste  formation,  the  use  of  technology  and  machines 
having specific reduced costs, the replacement of the dangerous raw materials by the harmless 
ones, treatment and/or elimination of the waste at a minimum distance of transport to the 
generating source. 
 
5.3 Options of management:  
The use of clean technologies in the activities which generate waste, the application of 
the  best  practice  in  every  field  of  activity  which  generate  waste,  direct  re-  use  or  with 
minimum  works  of  improvment  of  the  quality,recycling  or  reprocessing  through 
transformation into secondary sources of‖ raw material‖, the recovery of included energy in 
the waste and its use as‖alternative energy‖ in comparison with „ the non-regenerating one‖,   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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in the case of the waste and unrecyclable rests, which can not be processed, also called final 
waste, it is applied the solution of elimination through controlled deposit. In the management 
activities of the waste there should be followed: the rise of the eco-efficiency, the reduction of 
the risk over people and the enviornment. 
 
6. CONCLUSIONS: 
 
The mangement of the recyclable and unrecyclable waste is a necessity but also and an 
obligation,  the  stucturing  of  the  waste  after  certain  criteria  is  a  condition  of  making  the 
management more efficient, a good management assures a minimum impact on the health of 
population and on the enviornment, assuring  the saving of the raw material, the selective 
collectionon  the  types  of  materials  and  the  element  they  contain,  the  burning  of  the 
unrecyclable waste with recovery of termic and electric energy, controlled deposits only for 
sterile  rests  resulted  from  the  burning,  the  awareness  of  people,  the  education  and 
specialization of the staff is a requirenment of the Education of the participation 
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Abstract. The pollution of soil with petroleum hydrocarbons prevents unfolding  processes of 
water infiltration in soil, its circulation and the exchanges of the gaseous substances with the 
atmosphere. The biodegradation speed of the pollutants by the microorganisms is influenced of 
some factors: nutrients, soil type, humidity, temperature, pH, the type and the metabolism of the 
microorganisms. The spill of the crude oil in the soil results in numerical growth of bacteria 
populations, with a concomitant reduction in their diversity, respectively with the predominant 
species  that  degrade  hydrocarbons  to  simpler  compounds,  determining  their  gradual 
disappearance. 
 
Keywords: bioremediation, soil polluted, petroleum hydrocarbons 
 
1. INTRODUCTION 
 
The  pollution  of  soil  with  petroleum  products,  is  part  of  the  most  obvious 
environmental  problems  with  which  Romania  faces  in  the  recent  years,  given  by  the 
increasing pace of accelerated and intensive use of these substances to meet  the needs of 
fairness and of energy. The pollution of soil with petroleum hydrocarbons prevents unfolding  
processes  of  water  infiltration  in  soil,  its  circulation  and  the  exchanges  of  the  gaseous 
substances with the atmosphere.On the heavily polluted soils are no longer developed any 
kind of vegetation, being disrupted the activity of soil microorganisms, too. By this type of 
pollution is disturbed the ecological balance of the soil and of the groundwaters.   
There is a tendency in the world to develop simple, fast, cheap and effective methods 
to assure by applying them in-situ the blocking of the migration of the pollutants from the 
crude oil product spill area into underground or others neighboring areas, the destruction of 
pollutants and the restore the natural frame [1]. 
The remedy process of the soils polluted with hydrocarbons through biological procedures 
is known as the bioremedy. The biodegradation of the petroleum hydrocarbons is based on a side 
by using the indigenous microorganisms, already existing in nature and adapted to the respective 
pollutant and on the other side, by introducing the alohtone microorganisms. Therefore, in the 
depollution  process  often  appears  the  need  to  select  from  the  multitude  of  microorganisms 
existing in nature those that correspond to the pursued aim. In this respect, bacteria of interest 
are selected from polluted environments and then are subjected to a screening laboratory, 
which allows the selection of those strains or associates who exhibit the best performance in 
degradation of the residual hydrocarbons. Bioremediation is the decomposition of organic 
pollutants, by using the microorganisms and specific biostimulus, into harmless inorganic 
substances (CO2 and water). This method is an economical and safe way to decontaminate the 
polluted soils with the petroleum hydrocarbons and organic compounds. (tab.1)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Table 1. Effect of microbial biodegradation of petroleum hydrocarbons 
Petroleum 
hydrocarbons 
Initial concentration 
(ppm) 
Biodegradation 
(%) 
Time 
(days) 
Excerpt petroleum  50.000  99.0  7 
Sludge resulting from 
extracting petroleum 
50.000  99.0  14 
   
2. THE ELEMENTS INVOLVED IN THE BIOREMEDIATION PROCESS 
 
One of the element involved in the bioremediation process is the pollutant agent. This is 
biodegraded  after  soil  microbial  activity.  The  biodegradation  speed  of  the  pollutants  by  the 
microorganisms is influenced of some factors: nutrients, soil type, humidity, temperature, pH, the 
type and the metabolism of the microorganisms. 
The  nutrients  needed  for  cell  growth  are  nitrogen,  phosphorus,  potassium,  sulphur, 
magnesium, calcium, manganese, iron, zinc, copper and other microelements. For the biological 
activity going under optimal conditions and to provide the necessary nutrients the ratio  C: N: P 
must be about 100:10:1.  
The development of the microorganisms is also influenced by the humidity, the optimal 
domain being between 25 - 85%, because the water assures the transport of the nutrients, it favors 
the enzymatic catalysis, it maintains the osmotic pressure of the cells. 
The temperature influences the microbial activity in the soil. The bidegradation rate is 
low at  low temperatures, so in cold climates the bioremediation could be ineffective in the cold 
seasons if the bioremediation is not performed in a climate-controlled chamber.  
The  soil  PH  influences  the  solubility,  respectively  the  availability  of  many  soil 
constituents, by altering the biological activity of the microorganisms. PH-ul must be situated 
between optimal values of 5,5 - 8,5. 
Another very important element in the biodegradation of the hydrocarbons is the oxygen 
concentration, this influencing the microbial activity from soil. Depending on the oxygen content 
in the soil, the degradation processes can be of aerobic or anaerobic type. The biodegradation of 
the crude oil is particularly active in aerobically, which can be explained because all known 
biochemical pathways works involving the oxygenases and the molecular oxygen. 
Microorganisms present a particularly ecological importance, because they can be used to 
depollution of soils contamined with hydrocarbons. In this respect it was observed the fact that 
lots  of  microorganisms  have  the  capacity  to  use  the  hydrocarbons  both  in  gaseous  state  and 
liquide and solide state from the aliphatic, aromatic and asphaltic series, which use them as carbon 
and energy source. 
Microorganisms used in this process are mainly those indigenous, but can be used  
microorganisms  isolated  elsewhere  and  instilled  on  the  contaminated  soils,  too.  For  the 
completely degradation of the light hydrocarbons are necessaries more bacteria species. The 
indigenous populations of bacteria presented in soil contain the necessary mix of bacteria to 
make possible the degradation [4]. 
The microorganisms that participate in the biodegradation of hydrocarbons are: bacteria, 
fungus, yeasts, as well as algae, but the most important groups are bacteria and fungus. (tab.2.) 
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Table 2 Types of microorganisms that degrades petroleum hydrocarbons 
Bacteria  Yeasts  Filamentous fungi  Algae 
Achromobacter, Acinetobacter, 
Actinomyces, Alcaligenes, 
Anabaena, Bacillus, 
Brevibacterium,Corynebacterium 
Flavobacterium, Micrococcus, 
Mycobacterium, Nocardia, Nostoc, 
Oscillatoria, Pseudomonas, 
Spirillum, Vibrio 
Candida 
Rhodotorula 
Rhodospirillum 
Saccharomyces 
 
Aspergillus 
Cladosporium 
Fusarium 
Gliocladium 
Paecilomyces 
Trichoderma 
Trichosporium 
 
Amphora 
Chlorella 
Chlamydomonas 
Dunaliella 
Petalonia 
Porphyridium 
Ulva 
 
 
3.  THE  BIODEGRADATION  OF  THE  HYDROCARBONS  FROM  THE 
PETROLEUM IN SOIL 
 
The spill of the crude oil in the soil results in numerical growth of bacteria populations, 
with a concomitant reduction in their diversity, respectively with the predominant species that 
degrade hydrocarbons to simpler compounds, determining their gradual disappearance. The 
pollution with large doses of crude oil destroys almost completly the vegetation, but in the 
aerobically conditions, after more or less prolonged periods it occurs the degradation and the 
returning  to  relatively  normal  status  of  plant  species,  affected  by  the  pollution  with  the 
hydrocarbons from the petroleum. 
The energy source for the bacteria is represented, either by the sun energy, or by the 
chemical energy. The chemical energy can result from the organic or anorganic sources. The 
bacterian organisms can use this energy through the oxidation-reduction reactions. Though 
the organisms use this energy to synthesize new cells and maintaining the existing ones, the 
efficient use of this energy is quite small. The carbon sources, which bacteria can use them, 
are the organic compounds or carbon dioxide. 
Except the basic chemical conditions for the development and the reproduction of the 
microorganisms, during the biodegradation processes of the petroleum hydrocarbons, must 
meet the following goals, too (fig.1.): 
  The existance of an electron giver, which act as a source of reducing; 
  The existance of an electron acceptor, which oxidates the reducing agent, in order to 
provide the means of releasing the energy stored in molecules; 
  The presence of water, as an essential component in the metabolic process. 
The effects of the soil pollution with crude oil are variables depending of his quantity 
and composition, as well as of the soil nature and of vegetation type from the polluted 
area. The very small quantities  of hydrocarbons can be beneficial for the microbial 
activity,  and  implicitly  for  the  fecundity  of  the  soil,  because,  for  example,  the  soil 
treatment with small amounts of toluene initially causes a temporary decrease of the 
number of microorganisms, followed by an increasing from the initail level of 5 x 106 
cell/g up to 40 x 106 cell/g. [2] 
The phenomenon is based on the fact that many microorganisms from the soil can use, 
as  carbon  and  energy  source,  the  toluene,  and  other  compounds  of  xylene,  naftalene, 
chlorebenzene or nitrobenzene type, as well. [3] 
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Fig. 1.Schematic representation of degradation processes 
petroleum hydrocarbons 
 
4.  THE ADVANTAGES AND DISADVANTAGES OF THE BIOREMEDIATION 
 
The most important advantages of the bioremediation are: 
  Bioremediation, being a natural process, is perceived as a possible treatment process on 
the contaminated materials 
  Another advantage of the bioremediation consists in,  this process can be done on the 
spot, without causes major disfunctions of the activity. 
  The operation costs  are smaller  than  other applied  conventional  procedures  (washing, 
cremation, thermal desorption). 
  There are eliminated the problems regarding the waste storing  
Between the bioremediation disadvantages we can mention: 
  The bioremediation is limitated only to the biodegradable compounds. 
  It is difficult to extrapolate from the laboratory conditions to the large scale (field). 
  The bioremediation does not fit well on the compact, clay soils, where the oxygen or the 
nutrients are difficult to be introduced in the treatment area  
  The bioremediation process lasts much longer than other treatments, as excavation, the 
cremation of soil. 
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Abstract:  In this paper we present way in which ash and slag deposit Ceplea Valley of Turceni Power Plant, 
affecting the quality of surface and groundwater surrounding areas deposit. 
 
Key words: ash and slag deposit, groundwater, decantation ponds. 
 
1. INTRODUCTION 
 
By impounding the Valley of Ceplea and the storage in the headwaters of dams of the 
hydromass of cinders and ashes from Turceni Power Plant, the hydrology and hydrogeology 
substantially  modified  in  the  area  of  the  drainage  basin,  quantitatively  and  qualitatively, 
respectively. Surface waters of Ceplea Valley are mostly collected in the retentions created 
from the decantation ponds. Groundwaters are strongly fed through the heads of layers in the 
versant area, being created a radial drainage oriented then towards the water meadow of Jiu 
River, with a higher flux as compared to that existent before the putting into service of the 
Electric Power Plant. There emerged surface wells on the valleys’ versant, fed with water 
from Ceplea decantation pond. 
 
2. APELE DE SUPRAFAŢĂ ŞI SUBTERANE 
   
Surface  waters  and  groundwaters.  Accumulations  created  on  Ceplea  Valley 
practically collect  the entire influx of surface  waters  rising from the precipitations in  the 
affluent drainage basin of this river. The surface of the reception basin outside the control 
section of the last downstream water meadow is insignificant. By design in each of the three 
compartments of the deposit, the retention dams are fitted with a reserve of height of about 
1m, which must not be occupied with hydromass, in order to be able to accumulate the waters 
coming from the extraordinary precipitations which can fall on the basin of Ceplea Valley 
upriver the deposit. Consequently, as there are no flows which discharge in Valea Ceplei 
brook, there is no direct pollution. However, the presence of permeable materials in the beds 
allow  high  rates  of  infiltration  for  the  water  in  the  deposit,  and  in  order  to  correct  the 
hydrostatic level in the area drainage works need to be carried out. Excess of water due to 
these infiltrations in the deposit or due to direct losses from the transportation pipes lead to 
sloughing of soils, phenomenon which is dealt in detail in the subchapter pollution of soils.  
At present, there exist no qualitative determinations of water in Ceplea Valley upriver of the 
deposit and downriver the confluence with Jiu river. Eventually, it may be judged that, as 
there exist no specific sources of pollution, the surface water on Ceplea Valley, upriver the 
deposit, does not suffer a significant pollution.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Groundwaters. Modifications made in the regimen of groundwaters in the drainage basin of 
Valea Ceplea river and the adjacent areas, by arrangement of cinders and ashes deposit of 
Turceni Electric Power Plant, constitute the main negative impact of this arrangement over 
the environment. Huge infiltrations of water in the deposit of cinders and ashes in the whole 
versant of the valley, surface wells, and especially sub-flooding of some important areas in 
Turceni locality appeared. In the affected areas has been caused the modification of the level 
of waters in fountains up to the discharge at surface, dislocations and landslides, flooding of 
basements  and  foundations  of  some  houses,  cracking  of  the  walls  of  some  houses  and 
deterioration of hygiene conditions, comfort and, in general, deterioration of life conditions of 
local population. 
  Although geological studies carried out throughout the time excessively schematized 
the land’s structure in depth and along the executed profiles, however, it can be emphasized 
the fact that there is an almost horizontal stratification of the types of land in the area- layers 
of gravel and sand alternate with clay layers.   
  Surface waters cut these layers vertically, creating conditions for the water to infiltrate 
through layer ends in the line of the valleys towards the water meadow of Jiu river. There 
exists the possibility of aberrances from the regularity of stratifications, intercalations of clay 
lens inside the sand and gravel layers, as well as less distinct delimitations between them. 
  Two  main  questions  were  stated  when  determining  the  negative  impact  of  the 
modifications made in the hydrology and hydrogeology of Ceplea Valley drainage basin: 
- to identify the modifications in the regimen of discharge of ground waters created by the 
deposit of  cinders and ashes hydromass; efficiency of steps taken; 
- to identify the qualities of groundwaters in the area as result of the chemical composition of 
the water which infiltrates from the deposit of hydromass with cinders and ashes. 
 
3. CALCULATION OF WATER EXFILTRATION FROM THE LAKES ON CEPLEA 
VALLEY.  
 
We adopt the following elements and data bases: 
- The stratification between the deposit Ceplea Valley and the water meadow of Jiu River is 
quasi-horizontal; 
- The directions of discharge of infiltration water are normal on the outline of the lake and the 
outline of the water meadow of Jiu River; the shortest geometric path is also the hydraulic 
path; 
- the infiltrations coefficients in the horizontal direction in aquifers are in the range of values 
5-15m/day (the maximum values could be met in the areas with gravel and sand, on certain 
sectors); 
- anisotrophy can be of orthotrophic type, with values of the coefficient of orthotrophy  
        3
k
k
vert
oriz    ,                         (1) 
where,  oriz k   is  the  filtration  coefficient  on  horizontal  direction  and kvert  is  the  filtration 
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- thickness of permeable layer equivalent to k=5-15 m/day in the zone of confluence with the 
permeable layer in the water meadow of Jiu River is of T=5m; 
- circulation by infiltration may be approximated by a varied gradual circulation, and rarely 
the water discharge which presents maximum interest is accompanied in the contact section 
with the water meadow of Jiu River. 
In the analyzed documentation is schematically presented a longitudinal profile of discharge 
of groundwater between the deposit number 1 of Ceplea Valley and the Water Meadow of Jiu 
River, in a bee-line.  We have: 
- maximum level difference  m H 45   ; 
- minimum length of infiltration way  m L 1800  ;  
- thickness of permeable layer in the upriver section (equivalent thickness)  m T 5  ; 
- infiltration coefficient 0,5-1 
For the homogenous environment:      s / m 10 5 1 k k 2
x
      
For the orthotrophic environment:     s / m 10 5 1 k 2
x
    
 
       
  s / m 10 89 , 2 58 , 0 k k k
3
s / m 10 )
3
5
3
1
(
3
k
k
2
z x
2 x
z


  

  
             
(2) 
 
The equivalent length is  m L 600  . 
 a. Mediu omogen a. Homogenous environment 
-  infiltration rate :     s / m 10 5 , 12 5 , 2
1800
45
10 5 1
L
H
k v 4 2       

                            (3) 
- specific flow:    s / m 10 25 , 6 25 , 1 vT q 3                                                                        (4) 
- flow on 100m flow face:    s / m 625 , 0 125 , 0 Q 3                                                                 (5) 
b. Orthothropic environment     
- infiltration rate:      s / m 10 67 , 21 35 , 4
600
45
10 89 , 2 58 , 0
L
H
k v 4 2       

                  (6) 
          m 600 3 / 1800 / L Le                                                                 (7) 
- specific flow:    s / m 10 35 , 108 75 , 21 vT q 4                                                                  (8) 
- flow on l00 m flow face:    s / m 083 , 1 217 , 0 Q 3                                                               (9) 
From measurements resulted flows of same size order in the trench implemented in Turceni 
village.  At  the  same  time  it  has  been  found  out  that  the  hypothesis  of  orthotrophic 
environment is more plausible.  
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4. CONCLUSIONS.  
 
Modifications carried out in the regimen of groundwaters within the drainage basin of 
the river Ceplea Valley and in the adjacent areas, by arrangement of the deposit of cinders and 
ashes of Turceni Power Plant constitutes the main negative impact of this arrangement over 
the environment. Huge infiltrations of water from the deposit of cinders and ashes in the 
entire versant of the valley, surface wells and especially the sub-flooding of important areas in 
Turceni locality occurred. 
In  the  affected  areas  has  been  caused  the  modification  of  the  level  of  waters  in 
fountains up to the discharge at surface, dislocations and landslides, flooding of basements 
and foundations of some houses, cracking of the walls of some houses and deterioration of 
hygiene  conditions,  comfort  and,  in  general,  the  deterioration  of  life  conditions  of  local 
population. 
By design in each of the three compartments of the deposit, the retention dams are 
fitted with a reserve of height of about 1m, which must not be occupied with hydromass, in 
order to be able to accumulate the waters coming from the extraordinary precipitations which 
can fall on the basin of Ceplea Valley upriver the deposit. 
At present, there exist no qualitative determinations of water in Ceplea Valley upriver 
of the deposit and downriver the confluence with Jiu river. Eventually, it may be judged that, 
as there exist no specific sources of pollution, the surface water on Ceplea Valley, upriver the 
deposit, does not suffer a significant pollution. 
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Abstract. In the case of mine works, the waters coming from underground which are discharged in emissaries 
are charged with harmful substances. This situation imposes additional depolluting measures of these waters 
before the discharge, for reaching to the maximum admissible contents. The paper analysis the negative effects 
of the extracting activity of ores on the water quality and presents the depolluting methods which should be 
applied in order to reduce the concentration of harmful substances present in the mine waters. 
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1. INTRODUCTION   
   
  The extracting activity of ores in the mine from underground or from the surface, leads 
to significant changes of the earth’s crust, involving thus the change of the areal hydrological 
system, both quantitatively and qualitatively. Any mine is an important consumer of clear 
water, but it also represents a significant polluting source because it gives back to the natural 
receivers significant water debits charged with harmful substances, either by dissolving the 
exploited mineral substances, or by the chemical transformations born underground at the 
contact between certain substances and water. The main forming sources of the mine waters 
are: 
-  waters coming from the water tables of the surface waters and from the atmospheric 
precipitations infiltrated underground; 
-  the underground waters accumulated in the aquifer formations opened by the mining 
works of exploitation; 
-  the  technological  water  introduced  underground  for  combating  dust,  humid 
perforation, hydraulic liquidation etc.  
During the water infiltration through the rock formations which are in the mineralisation 
area  in  exploitation,  there  are  complex  processes  of  transfer,  disintegration,  dissolution, 
decomposition and deposit of the chemical substances or of the components resulted from the 
component  minerals,  which  offers  specific  physical-chemical  features  to  the  underground 
waters. The chemical composition of the used mine waters shows the composition of the 
rocks which came into contact with the water. Since the underground waters mainly come 
from the surface ones, they initially contain solid suspensions such as clay, organic matters, 
colloidal silica, bacteria and sometimes dissolute chemical substances.  An important source 
of  waters  impurification  with  radioactive  substances  comes  from  the  extraction  and 
processing of radioactive ores in order to get nuclear fuel. The operations of radioactive ores 
concentration: extraction, breakage, grinding, as well as refining and purification are made 
with large consumption of water. It is loaded with particulate matters, dissolved salts and 
radioactive impurities. The resulting mud also comprises radioactive elements [2].   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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 2.  FEATURES  OF  THE  RESIDUAL  MINE  WATERS  AND  THEIR  PURIFYING 
TECHNOLOGIES 
   
  The main polluting sources of the river waters from the mining areas are the waters 
resulted from the extraction process and from the processing one of the ores of the preparation 
factories. The water quantity evacuated from underground, as a result of the infiltrations from 
the surface in the networks of the mining works or of the technological waters introduced in 
order to provide the protecting measures of work and of the deposit, directly discharged into 
the emissaries, varies from 1,3 to 8 m
3/t, having as main impurifiers the solid suspensions 
reaching 8500 mg/l. It is also noticed the very acid feature, the high degree of mineralisation 
and the very high content of metallic ions (Cu, Zn, Fe) of the mine waters. In most of the 
cases, the waters coming from the mines are pent to the decanting pounds of the preparations 
factories,  where  there  purification  is  made.  The  purifying  technologies  of  the  used  mine 
waters may be grouped as such [1]: 
 Preventing technologies of the formation of the acid mine waters. These include the 
change of the preventing methods of the formation of the underground waters, so that it 
could avoid the sulphurs exposal to the long contact  with the mine water and with the 
mine atmosphere, for preventing the formation of the sulphuric acid; 
 Working technologies with the already polluted waters, such as the injection of the 
deep-seated used waters; 
 The dilution of the acid waters to the accomplishment level of an effluent having a 
corresponding quality; 
 Standard technologies of treating the used mine waters to their neutralisation and the 
recovery of the solid substances existing in the water. 
  The physical proceedings which are used the most often are: the draught of the solid 
particles;  the  centrifugation  or  the  hydrocycloning  of  the  waters  charged  with  mineral 
suspensions, in order to separate them and the magnetic or electric treatment of the residual 
waters. The physical-chemical proceedings consist of treating the residual waters with rinsing 
agents, followed by the suspension draught and the slurry filtration. The purification practice 
of the used mine waters also applies a series of proceedings placed at the limit between the 
physical-chemical  proceedings  and  the  chemical  ones,  such  as  the  coagulation  and  the 
flocculation  of  the  mineral  suspensions,  the  pH  neutralisation,  the  anions  and  cations 
precipitation, the extraction on ion shifts, the ionic flotation, the special proceedings based on 
electrokinetic phenomena: electrophoresis, electro-osmosis, combined proceedings.  
  The neutralisation of the acid waters is generally accomplished with calcium hydroxide 
in a 5-10% concentration, as the CaO quantity is established depending on the total water 
acidity and on the content of dissolved heavy metals of roasted dolomite. The neutralisation 
process  of  the  acid  waters  is  generally  followed  by  a  flocculation  process  with 
polyacrylamide. The neutralisation of the alkaline waters is accomplished with residual acids 
resulted in different industrial processes. A cheap neutraliser for the alkaline residual waters is 
represented by the burning gases from the roasting installations of the ores, from the dolomite 
roasting or  from  other industrial  installations  working with  fuel.  The gases  with  contents 
higher than 25% CO2 provide the water neutralisation by the simple bubbling of the used   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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water in a mixture basin before the discharge in the draught pound. If the residual water 
contains the anions S
2- and CN
-, the mixture basin should have an absorption bound and a 
high chimney for evacuating the sulphured hydrogen and the hydrogen cyanide acid or means 
for capturing and distributing them. 
 
3.  THE  EXPLOITATION  IMPACT  OF  THE  RADIOACTIVE  MINERAL 
RESOURCES ON THE WATER QUALITY AND DEPOLLUTING METHODS  OF 
THE MINE WATERS RADIOACTIVELY CONTAMINATED  
 
  The characteristics of waters radioactive contamination are the high toxicity of some 
radionuclides which have very high effects in large amounts and the impossibility to interfere 
on their radioactive disintegration speed. The action of radioelements on the living matter is 
double. They have chemical toxicity over the organism, which acts first of all within the 
general metabolism, according to the physical and chemical properties of these elements, and 
second of all, radioactive toxicity, acting through irradiation. An important characteristic of 
radioactive substances in the water is the fact  they undergo any neutralization process of 
decrease of the initial concentration only through dilution. Dilution with the receiver waters of 
radioactive waste waters has an activity low enough to little exceed the admitted activity of 
surface waters. One solution for decreasing the severe effects of radioactive waste waters 
consists in their removal in geological formations. It is a method more and more often used 
which  consists  in  introducing  radioactive  waters,  with  little  or  medium  activity,  under 
pressure, in deep, porous or cracked underground formations, provided they are completely 
isolated through impermeable layers from the waters that can be part to biologic cycles.  
  Satisfying  results  were  achieved  by  introducing  residual  and  radioactive  waters  in 
cavities formed by underground works. In order to inject radioactive waters in deep geologic 
formations and layers, very thorough studies have to be made not only in the field of geology, 
hydrogeology and seismic movements but also on blocking permeable layers and chemical 
reactions that may occur between waste waters and constitutive rocks [4]. 
  In the areas of uraniferous mineral resources, environmental contamination can occur 
with  all  the  elements  in  the  uranium  family.  The  main  radionuclides  responsible  for 
radioactive pollution of these areas are: 
 natural uranium under the form of matter which can cause waters pollution in dissolved or 
particulate state. Through atmosphere and waters, the soil, flora, aquatic and terrestrial fauna 
as well as man can be contaminated; 
 radium-226 (can pollute the environment under the same conditions as natural uranium); 
 radon-222  which  together  with  its  active  alpha  descendants,  can  contaminate  the 
atmosphere through gaseous effluents, resulted from mining plants in the underground and the 
surface. 
  After closing the uraniferous mines, permanent monitoring measures are required with 
the main objective of waters quality discharged from mines. The depollution methods of mine 
waters radioactively contaminated consist in passing uranium and/or radium radionuclides 
from  a  large  volume  of  fluid  to  a  lower  volume,  which  can  be  stored  or  processed  in 
conditions of radioprotection. The researches on the purification methods of the radioactive 
waters show that they depend on a series of factors such as: the quality of the used waters,   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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their debit, the nature of the radioisotopes present in the water, the total activity of the water, 
the environment where it is evacuated. 
  Precipitation methods applied for separating radium from residual waters. Because 
the  concentration  was  low  in  contaminated  effluents  (10
-10  g/dm
3),  co-precipitation  with 
calcium and barium is used most often. The use of barium allows co-precipitation of the 
barium and radium sulphate, whose solubility product is very low. Therefore, barium chloride 
is used and sulphate ions can come from various salts; in order for natural sedimentation to be 
efficient, various coagulants are used. 
  Barium  and  radium  sulphate  co-precipitation  followed  by  coagulation  and 
flocculation, can continue with sedimentation or filtration on a granular environment. The 
researches  made  on  precipitation  methods  have  resulted  in  drawing-up  and  patenting 
numerous  depollution  methods  of  the  waters  contaminated  with  radioactive  substances, 
described in short as follows: 
-  the  elimination  of  Ra  with  BaSO4  during  in-situ  leaching  of  uranium,  a  technique 
proposed by an american patent; 
-  treating the waters contaminated with residues from liythopan making which contain 
BaCl2  şi  BaSO4  (German  patent).  The  leach  of  coals  which  contain  radioactive 
impurities of U, Ra and Th, with activity of 2664 Bq/dm
3 was decontaminated through 
precipitation with BaSO4 to an activity below 3,7 Bq/dm
3. 
-  purification of residual waters coming from black blende processing by treating with 
Na2CO3, Na2SO4, BaCl2, NaOH and Fe(OH)3, resulting in effluents with 0,028-0,014 
Bq/dm
3; 
-  co-precipitation  of  radium  with  barium,  followed  by  coagulation  with  FeCl3  and 
flocculation  for  removing  Ra-226  from  the  effluents  from  uranium  processing.  The 
addition of softeners in drinking waters treatment plants decreased the activity given by 
Ra-226 from 1,85 to 0,18 Bq/dm
3 . 
In  order  to  facilitate  radium  and  barium  sulphate  co-precipitation  on  a  granular 
environment  with  a  large  surface,  fluidized  precipitation  was  used.  Because  the  granular 
material separates itself, filtration is not necessary. In this case, the output was 90%, for a 
contact time of 20 seconds. 
Another  method  mention  in  references  consists  in  decontaminating  residual  waters 
through simultaneous precipitation of U, Ra and As through treatment with H2O2, Fe
3+ salt 
and H3PO4, pH adjustment from 8-10,5 with Ca(OH)2 and the addition of flocculants.  
Ionic exchange methods are most often used for treating radioactive waters in order to 
reduce  various  contaminated  ions,  using  anionite,  cationite  resins  or  combined  columns. 
Resins are used as a singular method or as a subassembly in a complex technology. Uranium 
and radium are found in water under the form of different ions which requires the use of ion 
exchanging resins for every element separately, for instance: 
-  the separation Ra-226 by means of a strongly acid resin, in a certain number of cycles, 
may lead to the removal of 99% of the activity of water contaminated by 0,74 Bq/dm
3, 
and the regeneration is made by NaCl; 
-  for the absorption Ra-226, by using a weakly acid resin, it was noticed the fact that 
there  is  a  capacity  2,3  times  higher  than  the  one  of  the  strongly  acid  resin,  when 
decontaminating mine water with 200 mg/dm
3 density and 0,74 Bq/dm
3, by using a   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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column of cationite such as H
+ and regenerated by HCl; 
-  the use of the ionic exchange, for reducing the concentration of Ra-226 of the mine 
waters, by adding a small quantity of strong anionite to a strong cationite, in a classic 
installation  of  water  softening,  led  to  the  efficient  removal  of  U  and  Ra-226.  By 
introducing in the installations mine waters having a uranium content of 120 mg/dm
3 
and 0,92 Bq/dm
3 de radium, a mixed bed of 10% anionite and 90% cationite, finally 
there were waters with less than 20 mg/dm
3 and 0,037 Bq/dm
3 [3]. 
In Romania, for removing Ra-226 of the water, the ionic exchange combined with a 
precipitation is applied. The acid resins allow the removal of Ra-226 in a percentage of 95%, 
and the weakly acid ones have the advantage that they do not introduce additionally sodium 
ions to the water. 
   
  Purification  of  the  uraniferous  residual  waters  by  biological  methods.  These 
methods  of  radioactive  decontamination  are  called  passive,  unconventional  systems  of 
bioremediation such as  weat-land. They may work independently, as a unique method of 
depollution or associated to some conventional methods, as the final technological phase. The 
natural aquatic ecosystems proved a higher capacity of purification of the polluted waters. 
Moreover, the biological systems are considered as having a self-regulation capacity, without 
needing  complicated  systems  of  maintenance.  According  to  a  Japanese  patent,  the 
decontamination of the used waters in the uranium industry is accomplished by means of a 
green algae of the Clamydomonas family, for keeping U, Ra-226, Th and other ions, in certain 
conditions of light, temperature and nutritive sources. An algae working as a biologic ion shit 
is ALGA SORB.  
  A natural material having a high content of nitrogen, known as Chitosan, is used for 
keeping U from diluted effluents, obtaining a recovery of 95% with a charging of about 400-
600 mgU/g. This material is indicated for the recovery of U from the mine waters, because the 
repeated absorption-desorption cycles do not decrease the sorbent capacity of the compound. 
  The keeping of U of the non-saline waters with 2500 mgU/dm
3 on the silk fibroin is 
considerable. The process  depends  on the concentration, the pH, the temperature and the 
retention time, and the elution is almost complete with an ammonium acetate 1 mol/dm
3 [3].  
  The  relevant  techniques  used  for  the  uranium  exploitations  and  the  processing 
factories of ores include: 
-  artificial  swamps  with  adequate  bio-accumulators  which  may  usually  settle  700  g 
uranium per year. Depending on the uranium contents and the features of the plants 
and/or  the  algae  used  in  the  process,  such  arrangements  could  need  relatively  big 
surfaces, and this represents an inconvenient of this proceeding. The factors which may 
compromise the operation of the artificial swamps are represented by: too low or too 
high values of the pH (they need pre-purifications, for example, in case of too acid 
waters, by means of drainages sided by limestone), high contents of bicarbonates or 
other salts, and also high concentrations of phyto-toxic heavy metals. 
-  filtering active materials placed in the reactive walls or filtering units in the areas of 
gravitational flow of the water. Such materials may be FeO or granular aggregates of 
iron hydroxide or of materials based on titanium oxide. Each material needs a certain 
field  of  pH,  the  potential  oxidoreductase  or  the  salinity  and  they  should  be  tested   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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depending on the specificities  of the mining or underground effluent  which will be 
submitted to the purification. 
Based on the practice and on the gained experience, it is recommended to proceed to the 
choice  of  the  purification  ―strategy‖  in  time,  depending  on  the  type,  the  content  and  the 
concentration of contaminants in the mine water, such as: 
 in case of an increased water contamination, it is recommended the decontamination by 
conventional methods which may take to 10 years, depending on the concentration of the 
contaminants; 
 in case of an average water contamination, a passive method of purification may be applied 
in combination with the conventional methods; 
 in case of low concentrations of the contaminants in the mine waters, the conventional 
purification may become really costly and the unconventional methods are more profitable. 
  The time transition from the active systems of conventional purification to the ones of 
passive purification will consider the conclusions resulted from the monitoring of the results 
obtained from the water purification. 
 
4. CONCLUSIONS 
   
The  entire  mining  activity  produces,  due  to  its  specificity,  multiple  and  diverse 
negative effects on the water quality, mainly concretised by the purification of the surface 
streams and of the groundwater and the hydrodynamic misbalance of the underground waters. 
The mining industry, by means of its exploiting activities, is a great consumer of industrial 
water,  contributing  thus  to  the  pollution  of  the  natural  receivers  in  the  area.  The  natural 
streams of the mining areas have a composition that changes during the ore exploitation, 
depending on the quantity and quality of the received underground waters, of the meteoric 
waters and of the residual waters discharged in them. The exploiting activities of the ores 
exert a special impact on the quality of the surface waters and of the underground waters, an 
impact manifested in every phase of the technological processes of production. The negative 
influence of the mine works starts with the prospecting and exploring activity of the deposits, 
continues and gets stronger during the productive activities, and it may manifest for a long 
time, even after the total stop of the productive activity in the area.  
  The water evacuated from the mines is polluted (the circulation of the underground 
waters in mineralised rocks charges these waters with heavy metal ions and polluting salts) 
and their discharge in the surface waters produces a chemical pollution of these waters. The 
strong  evacuation  of  the  aquifer  table  waters  leads  to  the  permanent  and  irreversible 
destruction of the hydro-geological system in the areas with low precipitations, with the loss 
of the fresh water resources. The mining activity frequently gives birth to dangerous effects 
on the natural hydrological and hydro-geological system, imposing for the hydro-geological 
aspects to be carefully studied and for the evolution of the mining works to be followed in a 
tight correlation with the hydro-geological situation. The gravity of the problems related to 
the influence of the exploiting industry of the radioactive deposits on the water needs the 
knowledge  of  the  toxic  effects  of  the  radioactive  substances  and  the  application  of  the 
decontamination measures before the discharge in natural receivers, and also a permanent 
monitoring  of  the  residual  waters  after  closing  the  mining  exploitations.  The  exploiting   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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industry of the deposits of useful mineral substances should emphasize its future concerns for 
the  protection  of  the  environmental  factors,  this  is  why  the  mining  areas  need  the 
implementation  of  efficient  systems  for  the  continuous  monitoring  of  the  environmental 
factors quality and for the surveillance of the application of the reducing measures for the 
impact generated by the specific activities on the environment.  
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Abstract: Renewables provides increased safety energy supply and limiting imports of energy resources, in 
terms of sustainable economic development. The new requirements for sustainable development have determined 
the  world  to  put  the  issue  of  energy  production  methods  and  increase  the  share  of  energy  produced  from 
renewable energy. This paper presents the history of wind power, advantages and disadvantages of renewable 
energy, particularly wind energy as an alternative source of energy. Windmills can be horizontal axis or vertical 
axis Savonius and Darrieus rotor. Latest innovations allow operation of variable speed wind turbines, or turbine 
speed control based on wind speed. Wind energy is considered one of the most sustainable choices between 
variants future wind resources are immense. 
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1.  SUSTAINABILITY  –  INTERDEPENDENCE  OF  ECONOMY  –SOCIETY-
ENVIRONMENT 
          
 Sustainability is the quality of human activities to carry without exhausting the resources 
available and without damaging the environment, so without compromising possibilities to 
satisfy the needs of future generations.  
          World Conference on the Environment in Rio de Janeiro in 1992 has paid attention to 
this  concept,  involving  a  balance  between  economic  growth,  environmental  protection 
and  finding  alternative  resources.  The  famous  Brundtland  Report,  the  sustainability 
as present needs without compromising the ability of future generations to meet their own 
needs. The three main aspects of sustainability: economy, society and environment are the 
connection of fig.1. 
 
Fig.1. Interdependence of economy –society-environment 
 
             Sustainability is a process of decision making which articulates the economic, social 
and environmental factors, the benefit of all involved. A sustainable economy is characterized 
by  ideas  and  activities  that  do  not  deplete  natural  resources  and  respects  the  cultural   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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experience of the company. A sustainable society is a society that lives in harmony with 
nature and with itself. A sustainable environment is that natural resources are able to renew 
and sustain life on earth, health and acceptable progress. 
             Eco-development is conceived as economic development in ecological context and 
involves a good knowledge of natural laws underlying functionality of geosystems, balanced 
ecosystem on which they depend and their correlation with social structures and specificity of 
civilizations in each geographic region. 
             Neconventionale  energy  sources  have  an  energy  potential  and  offers  unlimited 
availability user locally and nationally. Harnessing renewable energy is based on three major 
assumptions:  accessibility,  availability  and  acceptability.  Renewables  provides  increased 
safety  energy  supply  and  limiting  imports  of  energy  resources,  in  terms  of  sustainable 
economic development. 
            The weather in Romania, energy balance in the medium and long taking into account 
the  following  types  of  renewable  energy:  solar,  wind,  hydro,  and  geothermal  bioamasa. 
Program use of renewable energy join the environmental requirements undertaken under the 
Kyoto Protocol to the Convention - United Nations Framework on climate change ratified by 
Romania by Law no. 3/2001. 
 
2.  ASPECTS REGARDING WIND POWER 
            
 The  new  requirements  for  sustainable  development  have  determined  the  world 
to put the issue of energy production methods and increase the share of energy produced from 
renewable  energy.  The  Kyoto  Protocol  commits  the  signatory  to  reduce  emissions  of 
greenhouse gases, suggesting the adoption of national policies for the development of wind 
turbines and other sources that do not emit carbon dioxide. Wind pathway is quite developed 
in  Europe,  holding  top  leadership  in  renewable  energy.  This  type  of  renewable  energy 
provide sufficient electricity for 10 million and 90% of the producers of medium and large 
wind power is in Europe (fig. 2). 
 
   
Fig. 2. Distribution of wind power world and in Europe 
 
            Distribution  of  electricity  in  Europe  produced  from  wind  turbines,  demonstrate 
differences between states. Germany is the European market leader, despite a slowdown in 
2003 installations. Spain, in the second position, continuous intensive to install wind farms.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Denmark is the third position, having developed offshore wind and passing wind turbines 
upgrading older than 10 years. Wind energy resulting the difference in potential heat and 
pressure in the troposphere, as a result of the uneven heating of the atmosphere.The flow of 
air (wind) has a higher speed,the mechanical effect increases therefore increase the amount of 
electricity  derived.  Operation  of  a  wind  generator  is  based  on  the  principle  of  energy 
conversion. 
            On Earth's surface, wind power is manifested unevenly. Wind potential varies latitude 
and altitude. As the wind power provides less than 0.1% of global electricity, alternatively has 
proved sufficiently strong for use by the public electricity services. Except sensitive regions 
global potential of wind energy is five times larger than all of the electricity used on Earth. 
Europe could get between 7-26% of electricity demand using the air flow, percentage varies 
depending on the size of protected land aesthetic or environmental reasons. 
         Disadvantages of using wind as a major source of energy are: wind farms occupy large 
areas, visual damage to the landscape, pose a threat to birds distances separating large wind 
potential areas of human and industrial areas are great [1]. Because these areas are sparsely 
populated and wind generators occupy more visual land surrounding surface can be used for 
pasture or arable land. In many regions with strong currents regime, their recovery can raise 
the value of land, the effect of the shield and reducing soil erosion (fig. 3). 
 
   
Fig. 3. Park wind generators 
 
 
3.  History of wind power 
           Windmill is the ancestor of wind generators (fig. 4). She appeared in the middle ages 
in Europe and worked first vertical axis. Later be guided by the wind mills, being mounted 
canvas, to capture more wind energy. 
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Fig. 4. Image of windlills 
 
        Windmill blades first appeared profiled century – XII [2]. The industrial revolution gave 
a new beginning for windmills by using metal, which allowed the tower shape (fig. 5). The 
evolution of electricity in the twentieth century determined emergence of the first modern 
wind. 
 
   
Fig. 5. Windmill blades compared to a modern wind 
 
4.  WIND POWER 
          
 Currently, almost all turbines are horizontal axis, except models with vertical axis Savonius 
and Darrieus rotor [3]. Latest innovations allow operation of variable speed wind turbines, or 
turbine speed control, depending on the wind speed. 
          Operation of wind farms is based on the following flow: 
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          Home energy wind part of renewable energies. Aero-generator uses the kinetic energy 
of wind to drive the rotor shaft. This is converted into mechanical energy, which in turn is 
converted  into  electricity    mechanically  coupled  to  the  wind  turbine  generator.  This 
mechanical coupling can be directly (if the turbine and generator have speeds of the same 
order of magnitude) or by means of a speed multiplier. Using electricity can be stored in 
batteries, distributed through a grid or fed isolated tasks. 
           The advantage is that wind occupies a small area on the ground and do not interfere 
with  the  installation  location,  allowing  maintenance  of  industrial  or  agricultural  activities 
nearby. Wind farms are individual installed in isolated locations or grouped in the form of 
wind farms. Installations can be made on the ground or on the high seas form of offshore 
wind farms, where the wind is more regular presence (fig. 6). 
 
   
Fig. 6. The image of a farm with three-bladed wind of 750 kW on land or offshore 
(Middelgrunden, Denmark) 
 
a. vertical axis wind 
  pillars vertical axis wind turbines are small, with a height of 0.1 to 0.5 of the height of 
the rotor; it allows placement of the entire energy conversion equipment (multiplier 
generator) at the foot of wind, facilitating maintenance. 
  mild wind is at ground level, resulting in a reduced yield of wind, which is also subject 
to  wind  turbulence,  the  wind  must  be  trained  to  start  and  pillar  is  subjected  to 
significant mechanical stress 
  the  widest  vertical  axis  wind  structure  is  based  on  differential  thrust  or  periodic 
variation in incidence: of Savonius rotor (operation is based on the differential thrust, 
the  stresses  exerted  by  the  wind  on  each  side  of  a  curved  body  have  different 
intensities and resulting torque which causes rotation assembly) and of Darrieus rotor 
(principle of periodic variation in the incidence, placed in a profile a stream of air to 
the different angles, is subjected to a force whose intensity and direction vary, and the 
resultant of these forces causes a torque which rotates the device) (fig. 7) 
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Fig. 7. Schematic diagram of Savonius rotor and image of a Darrieus wind 
 
b. horizontal axis wind 
  horizontal axis wind turbines operation is based on the windmills: wind rotor these has 
three blades with a particular airfoil, since, to obtain a good compromise between the 
coefficient  of  power,  cost  and  speed  of  rotation  of  the  sensor  wind  and  an 
improvement in aesthetics, the rotor with two blades 
  horizontal axis turbines are commonly used because of their aerodynamic efficiency is 
higher  than  that  of  the  vertical  axis  wind  turbines,  are  less  subject  to  significant 
mechanical stress and have a lower cost [4] 
  there are two types of horizontal axis wind: upstream (wind blows on the blades, to 
the direction of the nacelle; blades are rigid, and the rotor is oriented using a after 
windward) and downstream (wind blowing on the back of the blades, to the platform, 
and the rotor is flexible and self-guided) (fig.8). 
 
 
 
Fig. 8. Scheme horizontal axis wind turbines upstream and downstrem 
 
          Layout upstream of the turbine is the most used, because it is easier to and has the best 
results at high power: no routing area, handling efforts are lower and has better stability. The 
blades of horizontal axis wind turbines should be oriented depending on the direction and 
strength of wind. Currently, horizontal axis wind turbines propeller-type rotor, the highest 
interest for electricity production on an industrial scale.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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           Wind energy is considered one of the most sustainable options of future versions, wind 
resources are immense. It is estimated that global recoverable wind energy is approximately 
53  000  TWh  (TerraWattora)  which  is  4  times  more  than  the  current  world  electricity 
consumption. In Europe, the potential is sufficient to provide at least 20% of its electricity 
2020 especially if one takes into account the new offshore potential. 
 
5.  CONCLUSION 
 
1.  Sustainability  is  the  quality  of  human  activities  to  carry  without  exhausting  the 
resources available and without damaging the environment, so without compromising 
possibilities to satisfy the needs of future generations.  
2.  The Kyoto Protocol commits the signatory to reduce emissions of greenhouse gases, 
suggesting the adoption of national policies for the development of wind turbines and 
other sources that do not emit carbon dioxide. 
3.  Windmill is  the ancestor of wind generators, who  appeared in  the middle ages  in 
Europe and worked first vertical axis.  
4.  Wind farms are individual installed in isolated locations or grouped in the form of 
wind farms and installations can be made on the ground or on the high seas form of 
offshore wind farms, where the wind is more regular presence. 
5.  Horizontal axis wind turbines propeller-type rotor, the highest interest for electricity 
production on an industrial scale. 
6.  In Europe, the potential is sufficient to provide at least 20% of its electricity 2020 
especially if one takes into account the new offshore potential. 
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  Abstract: In this paper  are presenteds the national, European and international institutional existing 
relationships of the standardisation and certification bodies. Furthermore, is analyzed the connection between 
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the European Union countries. Certification process is very complex as it requires a radical change in work 
mode of society requires rules and principles and requires the ability to learn and assimilate new knowledge. 
 
  Keywords: certification, accreditation, standardization 
 
1. INTRODUCTION   
   
  The certification of products/services is an extremely important and strictly necessary 
thing for the existence of producers on the domestic or external market, and this is why they 
want to certify their products even though their certification is compulsory or voluntary. The 
certification is a very complex process because it requires a radical change of the working 
practice of a society, new rules and principles and an ability of learning and assimilating new 
knowledge. In literature, the definition of certification has many forms, but all of them have 
the same general meaning, namely that certification certifies the quality of a product.   
   Guide 2 ISO/CEI: 1996, defines certification as: ―a procedure through which a third 
party  certifies  in  written  that  a  product,  process  or  service  complies  with  the  specified 
requirements” [3].  
  Practically, the certification certifies the compliance of products with a standard or a 
certain normative document.  
   
2. BRIEF HISTORICAL PRESENTATION 
   
  In order to make a historical presentation of the certification activity, it is necessary to 
correlate it with the standardisation activity.  
  In 1990 RELAR association is founded according to Law no. 21/1924 on associations 
and foundations, published in the Romanian Official Gazette, Part I, no. 27 on 6 February 
1924. In Romania, the conceiving of the legal and institutional framework of certification and 
accreditation  was  determined  and  stimulated  by  the  need  of  integrating  the  economic 
activities in the international economic system.  All these needs led to the creation of the 
National System of Quality Certification, a legal framework which was completed through the 
Government  Decision  no.  167  on  6  April  1992.  This  system  comprised  not  only  all  the 
certification bodies of products and services, quality system, personnel, test laboratories, but 
also all accredited laboratories. Also in 1992 through the GD no. 721, the National Training, 
Consultancy and Management Centre for Quality Provision [5] was founded. Through the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Government Decision no. 483/24 August 1992, the Romanian Standards Institute functioned 
as a specialised institute of the central public administration, in the field of standardisation, 
and on 28 August 1992, the GD no. 19/28.08.1992 on the Romanian standardisation activity 
appears.  The  National  Certification  System  was  coordinated  by  the  Romanian  Standards 
Institute (IRS).  
  In April 1992, within the Romanian Standard  Institute the DCANOC  (Directorate of 
Certification, Accreditation, Bodies Notification and Quality) was founded, which started to 
carry  out  accreditation  activities.  The  decisions  on  accreditation  were  approved  by  the 
Accreditation Council. In 1993 RELAR association turns into RELAR – Accreditation Body 
of Test Laboratories and has been carrying out accreditation activities since 1995.  On 6 July 
1998,  as  a  consequence  of  the  Government  Ordinance  no.  38/30  January  1998,  in  the 
Constitution General Assembly it was decided to merge the two existent accreditation bodies 
(RELAR and IRS-DCANOC), into one national accreditation body called RENAR [4]. Also 
in  1998  there  was  a  significant  institutional  reform,  namely  the  National  Standardisation 
Body, the Romanian Standards Institute became the Romanian Standardisation Association – 
ASRO [1] according to the Government Ordinance no. 39/30 January 1998 (amended through 
GO  no.  44/27  July  1998).  In  2003  there  is  issued  the  Order  of  Industry  and  Resources 
Ministry no. 354/12 June 2003 on the recognition of the Romanian Accreditation Association 
-RENAR  as  a  national  accreditation  body,  and  through  the  GD  no.  985/2004  ASRO  is 
recognised  as  a  national  standardisation  body,  according  to  the  GO  no.  39/1998  on  the 
national standardisation activity approved with amendments and completions through the Law 
no. 355/2002. The Romanian Accreditation Association is a non-governmental association, of 
a non-profit-making nature and is founded according to the provisions of Law 21/1924, with 
the subsequent amendments, and its legal personality is recognised through the Civil Decision 
no.  1966 on 07.08.1990 (file 1975/PJ/1990) of the Sector 1 Bucharest Court of First Instance. 
The Association is officially recognised as a single national accreditation body, pursuant to 
the GO 23/2009 and according to the provisions of (EC) Regulation no. 765/2008 and works 
in coordination with the Ministry of Economy, Trade and Business Environment. RENAR 
activities are checked whether are lawful or not in accordance with the applicable regulations 
in force.   
  According to the aforementioned data, the bodies which establish, in present, the legal 
framework on the two standardisation and certification activities in Romania are: RENAR 
National  Accreditation  Association  in  Romania  and  ASRO  Romanian  Standardisation 
Association. These bodies are recognised and work directly with the government.  
 
3.  CERTIFICATION  AND  STANDARDISATION  –  LEGAL  FRAMEWORK  AND 
IDEAL COUPLE     
 
Romania’s accession to the European Communion requested the alignment of national 
standards to EN/ISO standards. Furthermore, it requested the possibility of accrediting some 
specialised  bodies  according  to  ISO-9000.  These  bodies  must  be  independent  from  both 
producers/suppliers and beneficiaries/consumers. They aim to prove the existence of a high 
and  adequate  level  of  confidence  that  a  product/service  is  in  compliance  with  a  certain 
standard  recognised  and  accepted  not  only  by  producers/suppliers,  but  also  by   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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beneficiaries/consumers.  In  the  figure  1  it  is  presented  the  simplified  scheme  of  the 
institutional  relationships  between  the  two  national  bodies,  and  their  connection  and 
subordination to European and international standardization and accreditation bodies. As it 
can be observed, ASRO gives the right of using the certification mark of the compliance of 
products  and  services  with  the  Romanian,  European  and  international  standards,  while 
RENAR accredits the certification bodies, test laboratories, calibration laboratories and the 
inspection  bodies.  The  stage  before  the  certification  is  the  standardisation,  and  the 
intermediary  between  the  two  stages  is  the  auditing.  Since,  in  time,  the  research  activity 
stimulated the standardisation activity, they became a strong couple, which determines each 
other.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
- Asociaţia Româna De Standardizare(ASRO). 
  
 
 
 
 
 
Fig.1. The national, European and international institutional relationships of the Romanian 
standardisation and certification bodies. 
  
   
 
 
 
 
 
 
Plan european 
 
 
 
 
 
 Plan național 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plan internațional 
 
Guvernul 
României 
STANDARDIZA
RE 
CERTIFICA
RE 
ASRO  RENAR 
 
      Acordă  drept  de 
utilizare  a  mărcii  de 
certificare  a 
conformității 
produselor  și 
serviciilor  cu 
standardele române. 
Acrediteaza 
O
r
g
a
n
i
s
m
e
 
d
e
 
c
e
r
t
i
f
i
c
a
r
e
 
L
a
b
o
r
a
t
o
a
r
e
 
d
e
 
î
n
c
e
r
c
ă
r
i
 
L
a
b
o
r
a
t
o
a
r
e
 
d
e
 
e
t
a
l
o
n
a
r
e
 
O
r
g
a
n
i
s
m
e
 
d
e
 
i
n
s
p
e
c
ț
i
e
 
CEN 
COMITE EUROPEEN 
DE NORMALIZATION 
ETSI 
EUROPEEN 
TELECOMUNICATION 
STANDARD INSTITUTE 
CNELEC 
COMITE EUROPEEN DE 
NORMALISATION ELECTROTECHNIQUE 
ISO 
INTERNATIONAL STANDARDIZATION ORGANIZATION 
CIE 
COMISION INTERNAŢIONALE ELECTROTECHNIQUE   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
367 
  The  activity’s  progress  compared  to  the  market’s  requirements  influenced  the 
standardisation activity. Standardisation, at its turn, taking into account the evolution of the 
technique, influenced the research activity. Certification has always appeared as a result of a 
regulation or a standard on the product that must be certified. In the conditions of the market’s 
economy,  the  standard  is  a  complete  or  partially  optional  (voluntary)  document,  a 
characteristic resulting not only from the way of elaborating, implementing them, but also 
from the basic principle of free market. It gives a maximum liberty to economic agents in 
elaborating technological solutions and price-quality relationships, which are practiced on the 
competitive market. The European accession meant, in fact, the free movement of products, 
services, capitals and persons on single market. This accession needed and still needs the 
harmonisation of national regulations and elimination of technical barriers, being an important 
element  of  improving  competitiveness  on  the  international  market,  and  consolidating  the 
domestic markets. In order to see if the product/service is in compliance with the reference 
standards/standards it is necessary to certify it.   
  The compliance of products  of a trading  company can cause  a chain  reaction of the 
compliance  of  some  products,  both  upstream  and  downstream.  Once  the  products  were 
certified,  they  would  have  a  stronger  competitiveness  on  the  uncertified  products,  thus 
determining the other producers to certify their products. In addition, the company which 
certified its products can become much more pretentious, asking the suppliers to provide only 
certified products.   
 
Fig.2. The stages of continuous improvement of human life and quality of products, processes and 
services influenced by standardisation, accreditation and certification.  
 
  From  the  aforementioned  information  it  can  be  observed  the  importance  of  the 
standardisation and certification activities, which lead to the increase of people’s safety as 
well as to the increase of product’s quality, both of them influencing the improvement of 
people’s livings.  
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4.  CONCLUSIONS 
 
Since certification is a successional activity of the standardisation activity, it plays an 
important role in the development and modernisation of industry and implicitly of human 
society, and therefore, as a member state of the European Union, we must keep up with the 
different  challenges  from  various  fields  both  at  European  and  international  level.  By 
certifying the products of a trading company, a chain reaction occurs of the certification of 
others  products,  both  upstream  and  downstream  a  company,  because  the  company  which 
certifies its products becomes a feared competitor for the companies with uncertified products 
and more pretentious, thus asking the suppliers to provide only certified product. 
From the paper it can be drawn the conclusion that for a continuous improvement of 
human life and quality of products, processes and services it is necessary to implement and 
keep  up  with  the  revised  and  recently  published  (standardised)  standards,  to  apply  and 
continuously  assess  and  monitor  their  appliance  (auditing),  followed  by  the  issuing  of  a 
conformity certificate, or a conformity mark (certification).   
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ANALYSIS OF A POSSIBLE REDUCTION IN ENERGY 
CONSUMPTION IN WATER ELECTROLYSIS REACTION 
 
Aurel George POPESCU, University Constantin Brâncuşi of Târgu-Jiu, ROMÂNIA 
 
 
Abstract.  It was experimentally observed that the electrolysis reaction continues a short period of time - time to 
relax c    - after the cell power supply is interrupted. This paper presents an analysis of transient phenomena 
occurring and pr opose technical solutions. 
 
Keywords: reaction of the electrolysis, the anode, cathode, recombination. 
.  
 
    1. INTRODUCTION 
 
  In the light of previous studies we calculated that for one mole of water electrolysis 
requires a quantity of electric energy 
          kJ W G el 1646 , 328 .     
and  the  cost  of  the  energy  produced  by  burning H2 and O2 in  stoichiometric proportions 
resulting from the reaction of electrolysis is 1.13 to 1,264 times higher than the price of 
electric power used for electrolysis. Moreover, through electrolysis of a kilogram of water 5 
kwh electricity  are consumed to obtain about 14000 kJ  quantity of heat. At about the same 
price of 1 kg of fuel is obtained so about three times less energy. 
 
  2. ELECTRON EXCHANGE IN ELECTROLYSIS PROCESS  
 
Anode: Oxidation:      2H2 O(l) → O2(g) + 4H
+
(aq)  + 4e

          (1) 
Cathode: reduction:     2H2 O(l) + 2e

→ H2(g) + 2OH
-
(aq)          (2) 
 
  To maintain equal the number of free electrons in the solution must have the reduction 
reaction (2) is multiplied by a factor of 2, then: 
Cathode: reduction:     2H2 O(l) + 4e

→2H2(g) + 4OH
-
(aq)         (3) 
   
Conclusion 
In order to keep the number of electrons in equilibrium, the reaction of the cathode has to be 
twice as high as the anode reaction. 
By adding the reactions (1) and (3):   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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          6H2 O(l) + 4e

→2H2(g) + O2(g) +4H2 O(l) + 4e

 
Reducing the identical terms on both sides of the arrow is obtained: 
          2H2 O(l) → 2H2(g)  +  O2(g) 
During the electrolysis reaction: 
 
- ions: H
+
(aq)  generated at the anode migrates to the cathode, where : 
          H+  + e

→ H0              (5) 
           
          H0 + H0       
alenta leg cov .
H2(g) , 
when the H
+ ions take 2e
- of the cathode. 
  
- ions: OH
- generated at the cathode migrate to the anode, where: 
           
          OH(aq)
-
  →  OH0 + e

 
          OH0 +  OH0 +  2e

 → 1/2 O2 + H2 O  
or 
          4OH0 +4e

 →  O2 + 2H2 O                (6) 
 
  3. ANALISIS OF THE TRANSIENT PROCESS 
 
The transport of ions through the electrolyte (electrical conductivity of order II) is carried out 
under the influence of the electric field between the anode and cathode. 
a)  We consider this transitional process: 
Suppose that disconnect the anode (+) of the power supply and the cathode stay connected. 
Thus OH
-  ions can not donate additional electron anode delay, The cathode being still 
connected to the power source, so loaded with negative charge, Can give an electron from H
-
(aq)  ion  which becomes the H(aq)  and recombine with another H(aq)  becomes H2(g) .  
Such a period of time since hydrogen is generated at the cathode and the electrolyte is charged 
with OH
- ion in excess. 
b)  we continue the process in two ways, the cathode remaining connected to the 
negative pole of the power source:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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b1)  connect the anode of the power supply for a short time. H
+
(aq)  ions in the 
electrolyte are generated, while not to reach the anode, and then recombine with the 
ions OH
- 
existing in the electrolyte, forming H O2 : 
          H

) (aq + OH

) (aq → H2 O              (4) 
b2)  connect the anode of the power supply for a long time. H
+ ions are generated so 
that: 
- some of them recombine with OH
-  ions, the effect of relation (4) 
- the remaining arrive to the cathode reaction takes place (5) 
 
Interpretation 
  The cathode may further be coupled at a high voltage source (possibly electrostatic), 
and the anode may be coupled sequentially in a short period of time at the DC power supply. 
 
  b3) if the two electrodes of the electrolytic cell are fed sequentially - one by one - to an 
electrical signal, it is possible to cause electrolysis reaction, but without the power 
consumption because: 
- there are intervals during which both electrodes are coupled together; 
- where each electrode is connected to power, he is electric potential and theoretically 
should fulfill the functions described above. 
 
  4. CONCLUSIONS AND EXPERIMENTAL POSSIBILITIES 
   
  Following the analysis of the transient process the experimental possibilities are the 
following: 
  1). Obtaining the product of electrolysis in condition cathode (or anode delay) are 
permanently connected at the power supply, and the anode (or cathode) is applied 
repetitive signal, experimentally determined frequency. 
  2). Sequential application of an electrical signal, between the two electrodes so that the 
electrolytic cell electric current does not flow. Here, the potential applied to the electrodes 
which enables the exchange of electrical charges in the electrolyte ions. 
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AGGRAVATING FACTORS OF AGGING AND WAYS AGAINST 
THEIR 
 
Aurel George POPESCU, University Constantin Brâncuşi of Târgu-Jiu, ROMÂNIA 
 
Abstract.  The analysis of the last 15 years of research show a light current of opinion in which water, ordinary 
water, plays an essential role in analyzing the main factors leading to aging body, while being outlined concrete 
ways to avoid or delay the aging process. 
 
Keywords: alkaline water, deuterium.  
.  
    1. INTRODUCTION 
 
  It was found that there are at least three factors responsible for aging organism: 
1.  Excessive free radicals due to the consumption of food cooked for a long time; 
2.  Acidification of the body due to improper breathing; 
3.  Accumulation of heavy water in the body. 
There are also direct links between the first two factors. 
To  find  the  means  of  combating  /  annihilation  of  the  factors  listed 
above is necessary to know the mechanisms by which the body is aggressed. 
 
  2. GENERAL CONSIDERATIONS 
 
The human body is essentially alkaline, for example, the blood is pH ~ 7.3 to 7.4. 
  Food  "living"  of  plant  is  always  alkaline;  cooking  by  heating,  it  becomes 
acidic, with pH <7. Same animal food. 
  "Acid":  lack of electrons, pH <7. 
  "Alkaline":  surplus of electrons, pH> 7. 
1.  "FREE RADICALS":  molecular chains with overall positive charge - electron 
deficiency usually due to thermal cooking. 
Once inside the body, free radicals tend to capture the absence electrons from other molecules 
/ neutral molecular chains, while leaving them positively charged.  The process is repeated 
like a chain reaction. . On the other hand it was found that molecular chains acid digestion 
involves a lot of energy from the body. Now it becomes obvious why the patient is asked 
through therapeutic indications and use "living food " as little as possible cooked. It is also 
obvious that eating cooked food long leads to acidification of the body. 
2.   ACIDIFICATION  OF  BODY  longer  occurs  and  because  oxygen  /  air  in  a 
certain area. 
Oxygen present in the periodic table as O2 there is a small amount in the atmosphere. Due to 
thermal agitation motion, intermolecular collisions cause its ionization and  in the atmosphere 
there are 4 types of ions: 
O2
- - negative oxygen ion; 
  O2
+ - positive oxygen ion; 
  O3
+ and O3
- -  ozone, poisonous.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  There  are  serious  scientific  studies  showing  that  negative  ions  of  oxygen,  O2
-,  is 
actually support of life, just because additional electron.  These studies are backed up by 
popular experience:  
  It's not best to keep plants in the bedroom by night:  their breathing cycle involving 
negative ions of oxygen consumption, as in humans; 
  - TBC sanitariums were placed "in the old" areas with "good air", ie.  Dobrita District, 
Gorj: more recently it was found that in these areas the natural concentration of O2
-  ions 
exceeds 2,000 ions / cm3, much higher than average.  
  - If the short rains of summer lightning there is a marked difference between the air in 
the park - the green, the ions O2
-  rich air and the air in the city between the blocks where 
positive ions are in excess O2
+. 
  And the examples could go. 
There  are  also  medical  findings  that  viruses  and  bacteria  grow  predominantly  in  an  acid 
medium and is destroyed when the medium becomes alkaline. Consequently, when the body 
becomes acidic - lack of free electrons - it becomes an environment for disease development. 
The most used method to overcome the lack of free electrons in the body is alkaline water 
consumption; in Japan this method became at national level therapeutic indication, wearing 
the endorsement of Health Ministry. In short, alkaline water is obtained from an electrolysis 
process in continuous current half-wave rectifier.  Between the electrodes anode and cathode 
is  interposed  a  semi-permeable  wall.    Basically  anode  should  be  wrapped  with  a  semi-
permeable  bag  acidic  water  is  collected  and  in  electrolysis  vessel    the  water  remains  is 
alkaline. It is recommended to use 1-2 l alkaline water with pH values of 9 to 11 daily.   
  Mechanism of  alkaline water action . 
It was observed a direct connection between two physical parameters in the case of water. The 
pH value and the value of the surface tension  . 
  Water: pH ~ 6,8 ,     75* 10
-3 
2 m
N
 
  Alkaline water: pH ~ 9 ,     40*10
-3 
2 m
N
 
Condition is that as you increase the pH of the water, the surface tension   becomes smaller. 
  At the molecular level is known as the behavior of the water is like as a polymer : it is 
made up of groups of molecules called "cluster". It was also found that as the pH  increases, 
so decreases the amount of tension s, each cluster gets smaller, consisting of a small number 
of molecules. 
From another point of view, each cell can be seen as a real plant: biochemical reactions take 
place inside "after which appear dezassimilations byproducts." Proper functioning of every 
cell is conditioned by removing these products. In turn the outer cell membrane is covered by 
a  fatty  tissue  which  usually  shrinks  pore  size  and  thus  clusters  of  natural  water  can  not 
penetrate the cell to dissolve and eliminate the desassimilations  products. Because clusters of 
alkaline water are smaller, they can easily pass through the pores of the cell membrane so 
interior cell washing.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  Since the functions of the body as a whole is conditioned by the proper functioning of 
every cell is to understand the role of alkaline water;  moreover, the excess of free electrons 
contained in alkaline water neutralizes free radicals in the body. 
 
3.  ACUMMULATION OF HEAVY WATER in the body is a natural thing: it was 
shown experimentally that a person accumulates in the body an amount of about 1 
kg heavy water a lifetime of 70 years. 
Fundamentals. 
  H hydrogen atom consists of nucleus - a proton - around which an electron e
-  moves. 
  If the proton is placed near a neutron (p-n) atom is called deuterium, D, and the 
combination D2 O is called heavy water.  D2 O molecule size is much larger than the size of 
the H2 O molecule. 
If two neutrons near the proton is attached, so n - p - n, the atom is called tritium "T". 
Deuterium and tritium are called isotopes of hydrogen because they contain the same 
charges as the proton but different number of neutrons. 
D2O molecules normally found in water in proportions of 120 ÷ 140 ppm, and due to the 
large size can clog total or partial pores of cell membranes, making it difficult the products 
desassimilation eliminate. 
A special profile plant in Valcea county released a type of deuterium depleted water (D2O 
concentration 20 to 40 ppm) as therapeutic: D2O remove accumulations in the body. This 
water is marketed as Qlarivia. 
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Abstract. The deployment of anytechnologicalprocesscauseenvironmentalpollution, andthisimplies a reduction 
in  the  quality  of  theworkenvironmentandthe  ambient  environment.  In  theseconditions,  in 
thispaperwasaimedtoestablishingtheoptimumpointto reduce pollutionaccordingtoexpenditure made to reduce 
andpreventenvironmentalpollution  ,  but  it  wasdeterminedthepoint  of  reduction  of  ofpollutionbased  on 
thecostsand  social  utilities.  It  wasalsodeterminedhowthecorrect  design  of  a  technologicalprocess  or  an 
activitywithenvironmental impact consideringenvironmental quality indicator for eachstage of it. 
 
Keywords: optimum level, eco-tehnological, environmental quality, technological process. 
 
1.INTRODUCTION 
 
Eco technology, as the science of sciences applying for the purpose of transformation of 
the  substance  in  goods  with  a  certain  social  utility  under  the  conditions  of  sustainable 
development firstly requires knowledge of the entire technologic route of the substance from 
the  natural  state  (rock,  ore  etc.)  to  the  exploited  finished  product,  with  the  following 
objectives:  
-  identify  each  stage  of  the  technological  process  where  a  certain  impact  on  the 
environment appears;  
- identification of the moment the environmental impact occurs;  
- establishment of pollution sources;  
- identify the type of pollutants;  
- determine the nature of pollution;  
- establishment of the coefficient of pollution per stage and per total;  
- determining the optimal degree of pollution reduction;  
- establish ways to prevent negative environmental impact/product of respective stage 
at that time;  
- establishing new methods of reducing environmental or pollution impact is possible.  
- determining the environmental quality indicator;  
- determining the balance of eco technology;  
- establish criteria for conversion of an enterprise into an eco technologic unit [1, 2, 3].  
For a proper design we always leave from the functional role of the product that must be 
in harmony with the environment and have the smallest impact on it. The product is the result 
of a technologic process, conducted in one or more locations and which initially is like a black 
box in which there is an output stream almost entirely leading to a greater or lesser pollution 
of the environment. Therefore, each stage of technological process should be very well known 
in the logical development of changes and stage impact on the environment, to design the eco   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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technologic process conducted in the same locations, but with low impact or even zero impact 
on the environment [4, 5, 6]. 
 
2. DETERMINATION OF THE OPTIMUM LEVEL TO REDUCE POLLUTION 
 
The total reduction in pollution is not possible either technologically or economically, 
because it involvesantipollutionexpenditure unbearable by any developed economy. A way to 
harmonize the interests of producers seeking immediate profit, to the interests of the entire 
society that wants to live in an unpolluted environment must be found. Thusan economic 
optimum is determined taking into consideration the development expenditures (Figure 1) and 
cleaning benefits. n0 point is considered as optimal degree to reduce pollution, where the 
difference between the two curves a and b is maximum, ie where the condition:                                
 
tgʱ= tgβ                                                                         (1) 
 
 
 
 
Figure 1. Determining the optimal level of pollution reduction: a - expenses incurred with remediation 
and pollution prevention; b-benefits of reducing pollution, c-difference between the two curves; n0- the 
optimal level of pollution reduction 
 
            This analysis is not always easy because the damages caused by pollution are more 
difficult  to  quantify  than  the  costs  of  introducing  new  production  technologies,  pollution 
prevention or reduction of pollution. However, a study of reducing pollution is easier at the 
level of the whole economy than at the level of an industrial plant, where an analysis of the 
form shown in Figure 2 can be realized. In this case, the optimal degree of pollution reduction 
is n0', located at the intersection of two curves.  
          n0'= n0 should accomplish, but most of times it is impossible to correctly estimate the 
losses caused by pollution.  
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Closer to reality is the approach taking problem into account the degree of interest of 
society to pay for remediation to achieve a certain degree of purity of the environment. In 
order  not  to  feel  the  effects  of  pollution,  the  company  is  willing  to  bear  the  costs  of 
remediating Cd (Figure 3) with the advantages Av. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.Determining the losses caused by pollution: 
a - expenses incurred with remediation and pollution prevention; b -losses due to pollution; c -sum of 
the two curvesa and b; n0' - the optimal level of pollution reduction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.The degree of pollution reduction on the cost and social utility:  
Cd - costs for pollution abatement; Av - social utility/benefit of reducing pollution;  
n0
"- the optimal level of pollution reduction.
 
 
From this graph it appears that as the degree of pollution reduction increases, the 
benefit/social  utility  Av,  for  which  the  society  is  willing  to  pay  additional  contributions 
decreases and the costs of reducing pollution Cd increase. From the analysis of areas emerging 
in Figure 3 the following conclusions can be drawn:  
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- in zone I the biggest benefits can be found because costs are much lower than the 
benefits and the benefits of reducing pollution can be seen;  
- in zone II great losses were registered since pollution is already reduced and the costs 
increase in a great measure compared with the obtained benefits;  
  - the optimal given n0
"degree of pollution abatement is realized in point M.
 
For an optimization of the phase to fulfill the following conditionis necessary:  
' '
0
'
0 0 n n n                              (2) 
In  developed  countries,  investments  for  environmental  protection  have  significant 
weights, differentiated on industrial branches.New technologies, for reducing or preventing 
pollution  have  1,2%  of  GDP,  and  losses  due  to  the  fact  that  more  consistent  pollution 
abatement measures are not taken, are about 5% of GDP. 
           A topt time interval can be determined in order to achieve an economic optimum for 
reducing pollution, using a relation of the form:            
rp pp
am am
opt C C
t C t C
t
   


) ( ) ( 0    [years]                                                       (3) 
            where: Cam is the assimilative capacity of the environment from making expenditures 
to reduce existing pollution; Crp - costs with existing pollution abatement at time t, Cpp - 
expenses incurred to prevent pollution and maintain them in the standard limits; ʱ and β-
coefficients  expressing  the  increase  of  the  capacity  to  assimilate,  respectively  to  stick  to 
standard limits, in relation the spent money unit, t0 and t - initial time moment, respectively 
perspective time moment.  
              For a correct design of a technologic process or an activity affecting the environment 
is necessary to know each stage of its environmental quality indicator. This environmental 
quality indicator Icm can be calculated at the level of each pollutant i with the relationship.  
i
ef i
cm CMA C
C CMA
I
i
i
i 


max
 [%]                                                         (4) 
where: Icmiis an indicator of environmental quality due to pollutant "i"; CMAi - maximum 
admissible concentration in pollutant "i" ; Cefi- effective concentration, at calculation moment, 
in the pollutant "i", Cmax - the maximum concentration in "i" pollutant leading to inevitable 
environmental degradation.  
            This indicator takes values between 0 (when pollution is highest and inevitable) and 1 
(when the environment is clean).  
            Indicator of environmental quality can be calculated as the sum of all pollutants "p", in 
that environment, using thethe relationship:              

 


p
i i
ef i
cm CMA C
C CMA
I
i
i
t
1 max
    (5) 
where: Icmt is an indicator of environmental quality due to all pollutants "p",existing in 
the environment at the time of calculation.  
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3. CONCLUSIONS 
 
In conclusion we can say that the design of any ecoproduct, any ecoprocess to provide 
any services or any activity resulting from a technological ecoprocess should consider the 
following elements:  
  - qualityplan;  
  - technological route;  
  - technological process flow diagram;  
  - stages and times of environmental impact;  
  - sources of pollution;  
  - the nature of pollutants;  
  - mode of action of pollutants on the environment (nature of pollution); 
  -  coefficient  of  pollution  at  each  stage  and  the  total  pollution  coefficient 
necessary to establish measures necessary for performance of established objectives, 
namely:  changes  in  the  technological  process  in  order  to  transform  it  into  an  eco 
technologic process, replacement of operation or phases with high pollution;  
  - indicator of environmental quality;  
  -  pollution  prevention  measures  at  each  stage  of  development  of  process 
technology;  
  -  measures  to  reduce  pollution  at  each  stage  of  development  of  process 
technology;  
  - options for replacement of hazardous pollution substances with others;  
  - recovery treatment and recyclingmeasures of secondary waste;  
  - measures for reconditioning and recycling of waste;  
  - measures to reintegratewaste into the environment;   
  - optimal level of pollution reduction;  
  - the cost of pollution prevention;  
  - eco technologic balance;  
  - connection of economic and legal standards and instruments (Figure 4);  
  - the possibility of transforming the company into one eco technologic unit.  
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Figure 4.Connection of economic and juridical standards and instruments 
 
Only through such an approach, the industrial-exponential consuming natural resources 
society and environmental pollution can thus pass from a creating exponential intelligence 
information  society  to  proceed  to  a  knowledge  society  and  ultimately  to  acknowledged 
society.  
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Abstract: Abstract The activities carried out under  industrial enterprises often involves, obtaining 
financial  surpluses  on  the  base  of  excessive  use  of  natural  resources  and  the  absence  of 
environmental protection measures. Or, the need to ensure optimal conditions for future generations 
requires  the  correlation  the  economic,  technological,  political  and  social    measures  with 
requirements of sustainable development. The present research aims at outlining the components of 
sustainable  development  and  the  identification  of  indicators  that  enable  sustainable  economic 
development tool in the industrial entities, specifying factors influence them. 
 
Keywords: sustainable development, economic function, factors of influence, industrial enterprises 
 
 
1.  REQUIREMENTS  AND  COMPONENTS  OF  SUSTAINABLE 
DEVELOPMENT 
 
The emphasis of problems generated by the environmental pollution and the need for 
medium protection, generated emergence of the concept of sustainable development.Although 
there are many controversies on its use, now is noted increasingly an expansion of the interest 
sphere, beeing targeted and economic and social issues at the level of the quality of life. 
The limited degree of resources, the dependence of activities performed by the people 
and  organizations  by  these,  population  explosion  and  economic  development  represent 
fundaments  of  sustainable  development.  It  aims  at  providing  theoretical  elements  for 
fundamentation and adoption of decisions in accordance with the influences exercised by the 
correlations between man or entities and their environment.In this context, it is imperative a 
retooling process based on innovation but and on important financial resources.This impose a 
gradual action, starting from improvement from the technologies currently in use so that it can 
be  reduced  and  even  eliminated  the  negative  environmental  influences.  In  addition,  the 
correlation  of  economic,  technological,  political  or  social  measures  with  sustainable 
development should be an essential objective in each country. 
The main directions of action must be reported to:  
  the relocalization of economic growth, based on appropriate and efficient use 
of  resources  that  allows  obtain  a  high  quality  products  with  a  degree  of 
pollution as light as possible;  
  the ensure of a high quality of life;  
  protection environment and existing resources (rational exploitation of natural 
resources);  
  implementation  of  policies  focused  on  providing  of  a  correlation  between 
economic development and environment. 
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It  should  be  noted  that  sustainable  development  is  not  relate  exclusively  to  the 
environment. An important element also relates to the social component, but we cannot be 
omitted neither the economic part[2].  
Practically,  these  are  the  fundamental  components  of  sustainable  development, 
determined by the action of two important factors: population growth and diminishing natural 
resources. A study realised at the level of  some Canadian companies in the oil and gas, 
mining,  forestry  and  industry,  during  1986-1995  revealed  that  corporate  sustainability  is 
influenced both by resource as well as by the institutional organization [3].A series of studies 
performed  in  recent  decades  have  attempted  to  identify  indicators  that  allow  correlating 
economic and environmental issues and the development of assessment systems that address 
economic, social and environmental  issues. The indicators have been identified created at the 
corporate level [4, 5], the sector level [6, 7, 8, 9] and the market level [10].Unfortunately, 
there are few organizations that use by it in making decisions underlying the activity. 
Therefore, promoting a development model that ensures a balance between economic 
growth, a high quality of life and protect the environment in the context of rational use of 
existing resources allow explaining and supporting of sustainable development. 
Based  on  these  considerations,  the  aim  of  research  is  the  grouping  of  the  most 
important indicators of economic component which can be used is the identification of a 
components of mathematical function of sustainable development in industrial organizations. 
 
2.  SUSTAINABLE DEVELOPMENT IN THE INDUSTRIAL ENTERPRISES 
 
In  the  policies  implemented  by  the  state,  an  important  component  in  ensuring 
sustainable development is represented by the economic entities, the ones industrial being 
determined.  They  create  value  by  using  resources  and  interacting  with  the  environment. 
Therefore, they must act in towards achieving its goals due observance of important goals, 
including:  maximum  efficiency  use  of  natural  resources,  protect  the  environment  and  its 
resources,  carrying  out  activities  and  providing  products  that  improve  the  quality  life. 
Specifically, the essential requirement of an economy is to ensure a competitive environment 
and effectively responding to customer demands amid protecting of natural environment and 
ensure future resources required. 
In this sense, industrial entities that contribute to sustainable development are those that: 
  are based on promotion of performant management methods and techniques 
that include and ecologic components;  
  easily adapts to the requirements of customers;  
  uses production capacities correlated with the objectiv of activity and apply 
technologies that allow recording a significant efficiency;  
  determines  the  obtaining  of  financial  surpluses  from  the  work  carried  and 
record  sufficient liquidity, which support the economic potential;  
  provide adequate income for social protection of employees;  
  contributes to formation of the general funds of the society.  
Obviously, at the level of the industrial organizations the apply of the principles of 
sustainable development can cause losses.    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Thus, at present there is a number of issues with a direct impact on the environment, 
without a reflection at the level of the cost of production and selling price.  
An ecological production causes, on the one hand, the obtain a small amount, and on 
the other hand, an increase of the sales price. In this context, the question arises: how many 
industrial entities are ready to sacrifice high profits and their market dominance to ensure a 
sustainable industry?  
The answer could be ,,more‖, if they receive financial support and if the consumers 
demands will focus on ecological products. However, the practice of such industry has at least 
two major advantages: protecting the environment and increasing the health of the population. 
 
3.  THE  COMPONENTS  OF  THEECONOMIC  FUNCTION  OF 
SUSTAINABLEDEVELOPMENT IN THE INDUSTRIAL ENTERPRISES 
 
Optimizing of sustainable development process in the industrial enterprises impose the 
use of mathematical models that include as many variables and their influence factors. As 
previously we stated, sustainable development involves three major components, a special 
place having the one economical. The modelling of economic function can be achieved by 
taking into account a number of indicators that reflect economic and financial efficiency and 
establishing a number of restrictions on these.  
Is defined the economic function of industrial organizations through that is dimensioned 
the sustainable development, that being of the form: 
 
                                                (1) 
 
where: t is time in years. 
 
Proposed  indicators  for  the  elaboration  of  the  economic  function  are  presented  in 
Table. 1 (v1, v2,....v20), with the specification that others may be included in correlation with 
the specific of activity performed. 
 
Tabel no. 1 Indicators of economic function of sustainable development 
No. 
crt. 
Indicators  The formula for 
calculating 
Explanations  Influence factors 
0  1  2  3  4 
1  Current 
liquidity   
AC – currentassets 
Dex-  payables  of 
exploitation 
Financing of temporary use 
    2  Rapid liquidity 
 
S - stocks  The existence of unsaleable 
stocks or difficult to sell  
Funding  policy  of 
exploitation cycle 
   3  The borrowing 
rate of term  x100 
Df – financial debts 
Kper  permanent 
capitals 
Debt policy  
The level of equity and debt 
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   4  Interest 
Coverage 
Ratio 
 
PBIT  –  profit 
before  interest 
payments and profit 
tax 
D - interest 
The  amount  of  loans  and 
the  conditions  of  their 
contracting 
The  ability  to  use  existing 
capital 
   5  Rate  of 
financial 
autonomy 
 
Kpr – own capital 
Ks  -foreign capital  
Composition of capital used 
   6  Global 
solvability rate   
At – total assets  
DT – total debts 
The volume of debts 
The volume of assets 
   7  Financing  rate 
with equity   
AI – fixed assets  The  amount  of  own 
resources 
0  1  2  3  4 
   8  Rotational 
speed  of 
current assets  
 
Qe  –  The 
production  of 
exercise 
Change  of  the  current 
assets  
The  variation  of  the 
production of exercise 
   9  Rotational 
speed  of  fixed 
assets 
 
CA – turnover 
 
The  income  from  the  sale 
of  goods  and  products 
made 
 10  The  rate  of 
collection  of 
trade 
receivables 
 
x360 
 
Average 
outstanding 
Customer credit policy 
 11  Rotational 
speed  of  
supplier 
payables 
 
 
 
The  average 
outstanding  of 
suppliers account 
Supplier credit policy 
 12  Economic  rate 
of return 
Pn R 100 re At
 
Pn – net profit 
At- total active 
The size of realisedThe size of realised profit; 
Tax rate  
 
 13  Financial  rate 
of return 
Pn R 100 rf Cpr

 
Cpr- equity  Financial structure 
 14  Commercial 
margin rate  x100
CA
M
R
c
Mc   
Mc  –  commercial 
margin 
(commercial 
addition) 
Market constraints;  
Policy of sales prices. 
  15  The  rate  of 
profit  x100
CT
P
R
 
pr 
 
P – profit 
CT – totale costs 
Production costs; 
Selling price; 
Volume,  structure  and 
quality of production 
  16  The  added 
value 
 
t c E C M Q VA     
 Ct-the 
consumptions  
coming  from  third 
parties 
Organization of production; 
Modalities  of  activity 
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 17  The efficiency 
of production 
costs 
 
CF – fixed costs 
CV variable costs 
The  structure  of  costs  and 
production volume 
 18  Net  profit  per 
share 
 
 
PNA  –  annual  net 
profit 
Na Total number of 
shares 
The  size  of  annual  net 
profit 
 19  Rate  of 
financing    of 
need  of 
revolving fund 
 
 
FR  –  revolving 
fund 
NFRN-  need  of 
revolving fund 
The  resources  and  assets 
structure 
 20  The rate of pay 
ability    of 
operating 
cycle 
 
 
Dts  –  short-term 
debts 
The  amount  of  short-term 
debt 
 
Inclusion and analysis of economic and financial indicators in a mathematical model 
allow  identifying  strengths  and  weaknesses  in  the  internal  environment  of  industrial 
organization  and  the  opportunities  and  risks  that  may  arise  as  influence  of  the  external 
environment  on  thereof.  By  the  resulting  mathematical  model  that  is  elaborated,  result  a 
precise method to the study of these economic indicators transposing information into precise 
points of entry and exit. 
The  importance  of  indicators  is  dependent  by  the  specific  of  organizations,  in 
concordance with their object of activity and size, and their correct interpretation and analysis, 
which are nothing than some models  of predicting that present  the  "health status" of the 
organization,  according  to  internal  requirements  of  management  team  are  important  for 
everyone  and  is  a  responsibility  of  top  of  management  directly  interested  in  business 
development and their consolidation[10]. Obviously, the optimization process requires certain 
requirements related to homogeneity of dates, identifying of corresponding indicators with the 
sector in which is realised the activity, respectively of the most important in the moment in 
wich the analysis is done. 
 
4. CONCLUSIONS 
 
The sustainable development require respecting a set of principles and values, the  
most important referring to: environmental protection, economic efficiency, social equity and 
a high quality of life. Ensuring the sustainable development enables meeting consumer needs 
through rational exploitation of resources and maintaining an environment that will enable 
future generations procuring  the elements of they need. As a result, both the states as well as 
economic organizations must action in the sens of monitoring and resource management and 
implementation of appropriate programs so as to ensure quality of life.  
The  industrial  companies  can  refer  to  a  number  of  indicators  that  allow  the 
development of mathematical functions of components of sustainable development so as to 
maintain their power and the results recorded.  
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In this paper are highlighted a number of indicators and their influence factors that can 
be used in the management methods applied in the industrial organizations but not limited to 
these. It is advisable that managers begin to apply the indicators and models  
of knowledge of reality in order to identify correlations between economic processes and  the 
ones financial 
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Abstract: A successful experiment has been done to train the neural network to determine the  drum mills’ 
engine capacity by using the program „QwikNet 2.23”. As a result we get a trained neural network with a 
maximum error of 1.00619.10
-5  which can be used for assessing the capacity of the electric motors of drum mills 
and can be considered an accurate mathematical model.  
 
Key Words:  neural network, drum mill’s engine, subordinate input parameters 
 
  1.INTRODUCTION OF THE PROBLEM 
 
During the last years assessing the parameters of electric engines is unthinkable without 
using computers and programs. When determining the drum mills’ engine capacity are used 
algorithms in which as input parameters count the sizes (measurements), the angular velocity 
and the drum mills’ load with grinding forms. In most cases it turns out that the calculated 
capacity is usually lower than the requisite amount which leads to installing a much more 
powerful  motor of calculations. 
To facilitate the designer’s activities, the algorithms for calculating the engines’ capacity 
that operate the drum crushers become automated by using computer calculation programs. 
The easiest way  is to use  EXCEL or MatLab . In spite of  inputting of correction coefficients 
the engine’s calculated capacity differs again to the one installed in the factory-producer. This 
is probably because of the fact that many of the input parameters, taking part in the techniques 
that calculate the mill’s engine capacity cannot be set correctly and differ from the real ones. 
For example when determining the sphere’s load of the drum mills it is assumed that all 
spheres in the drum of the mill have the same diameter. But it came to be known that when 
proceeding  the  spheres  fatigue  and  decrease  their  diameter  which  leads  to  increasing  the 
density of the grinding medium, its weight and  increasing the capacity spent for raising and 
transmitting the kinetic energy of the spheres. 
       To solve this problem it is decided that a neural network should be trained by which 
the determination of the drum mills’ engine capacity is going to be done more precisely.  
  
2.ESSENSE OF NEURAL NETWORKS 
 
The neural network is  a mathematical program consisted of interrelated simple computing 
elements (neurons). The two most essential characteristics of the neural networks are : the 
ability to ―learn‖ and to ―generalize‖.  When ―learning‖ every neuron accepts signals from the 
others (in the forms of numbers), processes them by a relevant mathematical algorithm and 
defines its activation which is being transmitted by the outgoing connections to the other   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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neurons.  Every  connection  has  weight  which  multiplicated  with  the  signal  defines  the 
significance  (power).  The  connections’  weight  are  analogical  to  power  of  the  junctional 
impulses transmitted between the biological neurons. The negative weight value corresponds 
to a  suppressive impulse and the positive – to a stimulating impulse. The neural network has 
an input and output layer and also several intermediate layers. To achieve accurateness on a 
higher level the intermediate layers in the neuronal network could be several. After training 
the  neuronal  network  in  a  relevant  mathematical  algorithm  a  new  array  is  being  entered 
consisting  of  data  that  wasn’t  used  for  the  training  and  the  system  generates  new  gates 
(Ivanova,2004). 
The neural networks can be classified according to different principles. According to the 
training  algorithm  they  can  be  with  a  straightway  and  contrariwise    diffusion,  fixed 
increasement or with a contrariwise diffusion of the mistake. The most used and successful 
instrument for prognosis is the neural network with a straightway diffusion (Zhang,2004). 
This type of neural network is being used in 80% of the researches devoted to connectional 
approach (Remus,2001)  and its application in solving predicative problems as its in this case 
and also the task to determine the capacity of the engine. 
With  the  development  of  the  technologies  there  are  operated  neural  networks  to 
prognosticate the traffic load, to define the sale or other statistic tasks.  
For the training of a neural network to determine the capacity of an engine, operating the 
sphere’s mill, is chosen universal neural network QwikNet2.23 in which array can be used 
several types of training algorithms. 
A data array is being created from the sizes and the load of the working mills and in the 
gate of the mill are set the parameters of the engine working in real conditions. 
 The weights of the created neural network are being calculated and as the principle of 
inputting data is this one : in the neural network the input and output parameters are set. The 
output parameters are being assigned by an expert assessment or taken from real data. After 
that the network is being trained until a certain percent of mistake is reached. 
The weights that are gotten show the rank of influence between the entrances and the 
exits. 
 
    3. RESULTS FROM THE NEURONAL NETWORK TEACHING 
 
A neuronal network with three layers is being trained – one input, one internal and one 
output.  The entrances are 7. The ones with interrelated input parameters are : the thickness of 
the facing, mm and the mass of the sphere or the bar load. Independent from each other 
entrances are 5 : the internal diameter of the drum, mm; volume of the drum, m
3; and speed of 
the mill, min 
-1; internal diameter of the drum, mm with relative angular velocity of the drum, 
% . In the hidden layer there are 5 meetings and one outset – capacity of the engine. Between 
the  entrances  exists  a  connection.  Several  training  algorithms  are  researched    -  Rprop, 
Quickprop, Backprop и Delta-bar-delta. 
The least mistake when teaching a neural network is when the Rprop algorithm is used 
(Hristova  and  Minin,2012).  The  correlation  mistake  is  1.00619.10
-5  and  the  maximum  is 
3.76222.10
-5 which is very low value for an engineering problem.  On account of it there is no 
need to train the neuronal network more intermediate layers.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Correspondingly are the weights shown in table 1.  
                                                                                                                                 Table 1. 
Neurons’ weights 
1  2  3  4  5  6  7  8 
0.213
256 
0.0885
575 
0.1019
25 
0.0093
619 
0.54842
3 
0.5352
39 
0.0189
155 
-0.10442 
0.107
766 
0.1963
73 
0.0599
555 
0.3243
86 
0.13517
8 
0.4817
15 
0.1340
74 
0.24338
3 
0.322
921 
0.5605
08 
0.4694
1 
0.1993
21 
0.17482
1 
0.2468
2 
-
0.245332 
0.24724
7 
0.530
203 
0.0031
545 
0.5533
12 
0.4955
22 
0.09187
18 
0.3311
25 
-
0.143651 
-
0.0762577 
0.102
346 
0.1179
29 
-
0.004133 
0.1657
02 
0.01172
41 
0.4076
47 
0.0184
03 
-
0.256016 
 
In table 2 there are visualized the parameters of a ―taught‖ neuronal network . 
                                                                                                                                 Table 2. 
Parameter  Value  Parameter  Value 
Epochs
  100000  Initial_Weight_Step_Size  0.001 
Teaching algorithm  Rprop  Momentum  0 
Weight_Increase_Rate       1.2  Input_Noise                0 
Weight_Decrease_Rate       0.5  Weight_Decay               0 
Min_Weight_Step_Size       1e-006  Final_RMS_error            1.00619.10
-5 
Max_Weight_Step_Size       50  Max error  - 3.76222.10
-5 
*In table 2 Epochs is the number of teaching repetitions. 
 
 The results of a teaching mistake are visualized in the next graphics.  
(Figure 1) 
 
                                                                  Figure 1 
 
On figure 2 is it shown a taught neuronal network.  The colour of the connections defines 
the mistake and also shows that in the exit it is in the interval 0 -1.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Figure 2. 
 
The colouring of the neural network connections  shows that the calculation is accurate 
which means that their weights are being calculated right. To achieve a better training there 
are  an  average  number  of  calculating  repetitions  because  it  is  acknowledged  that  some 
teaching  algorithms  when  increasing  the  number  of  repetitions  the  mistake  grows  too 
(Kissiova and Radulov, 2002). The results of the testing report a very low mistake. 
When testing the system more accurate prognostic data to determine the capacity of the 
engine compared to the trained neural network with independent input data (Hristova and 
Minin,2012).    .  The  correlation  mistake  is  -  Final_RMS_error    -  1.00619.10
-5    and  the 
maximum mistake is Final_Max_error  - 3.76222.10
-5. 
On the next graphics (Figure 3) there is the data of the testing algorithm when there isn’t 
one entrance. Unlike the researches done with independent input data because of the link 
between the input data, prognosticating of the engine’s capacity is done with a lower mistake. 
It is concluded that when teaching the neuronal network it is necessary to have more input 
data  some  of  which  to  have  a  connection  in  between.  This  way,  in  case  it  is  needed  to 
determine the capacity of the motor and when there  is an input parameter missing if the 
parameter is dependent on the other parameters, the value we get in end is going to be correct. 
This quality of the neural networks can be used in determing the capacity in rooted already 
working mills, if it is necessary to repair or change the work load caused of the change in the 
technology. 
 
Figure 3 
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On  the  next  figure  (figure4)  it  is  clearly  seen  that  the  output  data  for  determing  the 
capacity  of  the  engine  have  a  lower  mistake  compared  to  the  ones  determined  with  no 
connection between the entrances on the graphs (Hristova and Minin,2012). 
 
 
 
Figure 4. 
 
3.CONCLUSIONS 
 
The trained neural network can be used for determining the capacity of the engines of all 
kinds  of  drum  mills  and  can  be  considered  a  reliable  mathematical  model.  Defining  the 
capacity of the engine that operates a big industrious equipment is a responsible engineering 
assignment and it is recommended to use standard algorithm in parallel with neural network. 
Still the neural network is a reliable indicator for the engine’s capacity as the accurateness of 
the  prognosis  is  higher  when  using  dependent  input  parameters.  It  can  be  used  when 
designing dressing factories related to a determining of the motions installed in the mills’ 
department. 
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Abstract.  The  paper  presents  an  application  of  the  functional  analysis,  especially  of  differential 
calculus in linear topological locally convex spaces leading to formulae representing the evolution of 
states in dynamical systems with infinite fading memory. 
 
Keywords: Fréchet-Marinescu’s differential, locally convex topology, fading memory systems. 
 
1.  A  TOPOLOGY  AND  A  DIFFERENTIAL  CALCULUS  IN  THE  THEORY  OF 
SYSTEMS WITH INFINITE MEMORY 
 
Fréchet’s derivability in topological linear normed spaces is well known and used not 
only by mathematicians but by many specialists of other scientific domains, from physics to 
economy and sociology.   
  The  inputs  into  dynamical  systems  with  finite  memory  could  be  considered  as 
belonging to a normed Banach’s space and so the mathematical model can use the Fréchet’s 
differential calculus. 
  An  approach  of  the  study  of  continuous  systems  with  infinite  memory,  using  an 
adequate locally convex space, is described in the following lines. 
  In locally convex spaces the topology is not given by a norm, but a family of semi-
norms. Unlike a norm, a semi-norm can be equal to zero in points x ≠ 0 also, a semi-norm that 
is zero only for x=0 is a norm. A linear topological locally convex space X is structured by a 
family of semi-norms A =  
A    . .  
  A differential calculus in a theory of the dynamic systems with infinite memory was 
founded considering the inputs into the system as being m-dimensional vector functions u(η), 
with η the time variable,  ] , ( t    , t the present moment; x(t) is a parameter of the system 
state at the present moment, represented by a real number; a constitutive real functional F 
gives the value of x(t) corresponding to whole (globally)  history  of inputs; we write this 
correspondence in the following form, that suggests us the integration operation: 
                                          
)] ( [ ) ( 

u F t x
t
 
                                                                    (1.1) 
 A variable s opposite to the sense of the time variable  sense is more convenient sometimes, 
so we also introduce the following notations instead of u(),(-,t]: 
                                    u
t(s) = u(t-s), s = t-, s[0,+)                                                       (1.2) 
                                             
So, the constitutive equation written for the state x(t) will be the following:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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                                                             )] ( [ ) (
0
s u F t x t
s


                                                                   (1.3) 
  Definition:  A  system S with infinite fading memory  is  a system  for  that  the relationship 
between the input history u
t(s), s  [0, +), and its state x(t) at the present moment t is given 
by the formula (1.3), where the values of u
t(s) taken for  s>0, close to the value zero, bring a 
much more important contribution to the present state x(t) than those values of u
t(s) taken for 
large values of s , that is when s  +.  
To have concrete results for a mathematical modeling of systems with infinite fading 
memory, it is necessary to impose: 1) a topology on the set of the functions u
t(s) admissible as 
input histories of the system S; 2) certain properties of the constitutive functional F. 
For the first requirement, we introduce the following: 
Definition: The space of admissible input histories till the present moment t is a linear 
topological  locally  convex  space  
t  of  vector  functions  u
t(s)  defined  on  [0,+), 
)) ( ),..., ( ), ( ( ) ( 2 1 s u s u s u s u t
m
t t t  , which have any order derivatives, and the topology of 
t is 
given by a family of semi-norms linked by the moment t: 
                       , ) ( sup
] , 0 [
s u u t
s
t
  
  where: 
2
1
1
2 ) ( ) ( 





  

m
k
k
t s t u s u                               (1.4) 
According to this definition, a neighbourhood Vλ,δ[u] of the function u
t = u
t(s) is formed by all 
the functions v
t = v
t(s) belonging to 
t and accomplishing the condition v
t – u
t <  for 
certain numbers >0,  >0. 
A real functional F defined on the locally convex space 
t   is continuous on 
t if for every 
function u
t from 
t and for any ε>0, arbitrary small, there exist (ε) and (ε) so that for any      
, ) ( ; ] [
) (
) ( ), (






     
 
   
t t t t v u v u V v  
the following inequality has place:     ] [ ] [ t t v F u F . 
 An  important  and  justificatory  result  for  the  modelling  of  systems  with  infinite  fading 
memory is the theorem that affirms: if the constitutive functional F of a system S is defined 
and continuous on the linear topological locally convex space 
t and the input history u
t(s) 
belongs to 
t, then the correspondence given by the formula (1.3) will describe the present 
state of a system with infinite fading memory (a demonstration in [5]). 
In a mathematical approach of systems with infinite memory we used the hypothesis 
of the differentiability in the Fréchet – Marinescu’s sense for the locally convex spaces, a 
generalization of the Fréchet’s differential in normed spaces, introduced by G. Marinescu [3]. 
This means that a semi-norm 
 .  exists so to have a formula of the following type: 
                             ) ; ( )] ( [ )] ( [ )] ( ) ( [
0 0 0
h u s h u F s u F s h s u F t t
s
t
s
t
s
     






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Here  the  functional  )] ( [
0
s h u F t
s


   is  a  linear  functional  on  its  argument  h(s)  t   and 
represents the Fréchet – Marinescu’s differential of the constitutive functional F in the point u
t 
of  the  set t  ;  the  term  (u
t;h),  similary  to  the  rest  from  the  Taylor’s  formula  for  real 
functions, tends to zero faster  than the value of the semi-norm h of the function h (s).  
The  theorem  proving  the  possibility  to  represent  the  value  of  the  functional 
)] ( [
0
s h u F t
s


 by  integral  operations  was  demonstrated  [5]  using  only  the  differentiability 
property in locally convex spaces. The theorem of integral representation asserts the existence 
of  a  number    >  0  and  of  m  real  functions  a1(s),  a2(s),…,  am(s),  whose  squares  have 
Lebesgue’s integral on the interval [0, ], so that the following equality takes place: 
                                                     





0 1
'
0
) ( ) ( ] ) ( [
m
k
k k
t
s
ds s h s a s h u F                                        (1.6) 
Here  h(s)=(h1(s),h2(s),  …,  hm(s));  the  functions  ) ( ' s hk   ,  k=  1,2,…,  m,  are  the  first  order 
derivatives of the functions hk(s) and h(s)=0 for s>; the functions ak(s) depend on the input 
history u
t(s), s>  and do not depend on h(s). The length  of the integration interval is 
imposed by the differentiability condition accomplished by the constitutive functional, so that 
the ration between (u
t;h) and the semi-norm h tends to zero when the function h(s) tends 
to zero in the topology of 
t. 
An immediate consequence of the theorem and of the formula 1.6 is the expression of 
the difference between two values of the constitutive functional F: 
                        
       
) ; ( ) ( ) ( )] ( [ )] ( ) ( [
0 1
'
0 0
h u ds s h s a s u F s h s u F t m
k
k k
t
s
t
s


     





             (1.7)       
 The absolute value of (u
t;h) is smaller than the semi-norm h and it will tend to zero when 
h tends to the function zero, faster than h . The difference between the values of two states, 
those from the moments t and t  , representing the evolution, can be written ([5]) in the 
form: 
                             ) ; ( ) ( ) ( ) ( ) (
1
' h u d h a t x t x t
t
t
m
k
k k     

     
 
                                    (1.8) 
A more complete formula considers the inputs into the system on an interval prior to the 
moment t   ; it was demonstrated also [5]:  
                            
) ; ; ( ) ( ) ( ) , (
) ( ) ( ) ( ) ( ) ( ) (
2
1 1
1 1
e h u d h e p d
d h q t h t a t x t x
t m
j
m
k
t
t
t
t
k j jk
m
k
t
t
k k
m
k
k k
      
   




     
       
  


  
                     (1.9) 
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2. INTERPRETATIONS AND APPLICATIONS 
 
Obviously, the results  here presented have  a theoretical  importance, but  they  constitute a 
mathematical accreditation of a lot of formulae which are used in many and diverse domains, 
from  thermodynamics  to  biology.  A  part  of  mathematical  results  has  found  applications, 
especially to demonstrate formulae which were used empirically.  
  Here  we  enumerate  only  some  cases  which  can  make  use  of  the  mathematical 
formulae presented above. 
1. The constitutive equation of the tension in an incompressible fluid in the visco-elasticity 
theory  of  second  order:  the  mathematical  description  of  the  behavior  of  some  classes  of 
materials,  inquired  by  the  mechanics  of  continuously  deformable  media,  uses  integral 
formulae which are rigorously demonstrated in base of the differential calculus in locally 
convex spaces [1]. In this case the functions ak, qk , pjk reflects properties of the material, and 
hk(η), ej(η), describe the history of deformations. A corollary of the formula 1.9, applied to the 
internal energy value of a thermodynamic system, allows us to write a formula analogue to 
the second principle for reversible processes [2]. But in the same time, we can conclude, 
thinking  at  the  general  representation  1.3,  that  the  reversible  processes  are  only  an 
approximation  of  the  reality.  Also,  the  formula  1.9,  as  a  link  between  internal  energy, 
mechanical  work  and  entropy  could  be  taken  into  consideration  for  a  second  order 
thermodynamics [2]. 
2. In the cognition theory, as a foundation of the mathematical expression of the observation 
operator,  that  is  the  ―functional  paradigm‖,  how  Robert  Vallée  [6]  named  the  integral 
correspondence from the time functions which are both histories of the evolutions of a certain 
object and of the capacity of reception of its observer, to the image of this object that the 
observer has at a fixed moment. The acceptance of the functional paradigm by the integral 
formula proposed by Vallée,  
                                              
t
t
d t w t
0
) ( ) ( ) (       
of the correspondence from the function  ξ(η), η   (t0, t),  representing the history   of the 
evolution of the observed object, to the image η(t) that the observer has about this object at 
the instant t, finds a rigorous demonstration based on the theory using locally convex spaces, 
the Fréchet- Marinescu’s differential  and formulae above presented [4].  
3. The formula (1.9) with the complementary term ω2(u
t;h;e) could be interpreted in the terms 
of synergy and chaos [6]. The synergy of the systems finds its mathematical expression in the 
double integrals, where the causes (inputs) of different nature,  ) ( ), (   e h  multiply each other, 
without acting simultaneously. On the other hand, the complementary term ω2(u
t;h;e) hides 
the mathematical chaos, that is the imprecision of the x(t) calculus; it is a functional, and it is 
possible to apply again the differential calculus and obtain a better approximation of the value 
x(t).   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Abstract: Purpose of the paper is to analyze the Petri net model, to describe the transport process, part of a 
manufacturing system and its dynamics. 
  A  hibrid  Petri  net  model  is  built  to  describe  the  dinamics  of  the  transport  process  manufacturing 
system. Mathematical formulation of the dinamycs processes a detailed description. Based on this model, the 
analysis of the transport process is designed to be able to execute a production plan and resolve any conflicts 
that may arise in the system. 
  In the analysis dinamics known two stages: in the continuous variables are discrete hybrid system in the 
hibrid discrete variables are used as safety control with very well defined responsibilities. 
  In terms of the chosen model, analyze transport process is designed to help execute a production plan 
and resolve conflicts that may arise in the process, and then the ones in the system.    
 
Keywords: manufacturing system, discrete, hibrid system  
 
1.INTRODUCTION 
   
Synthesis  provides  a  hybrid  Petri  net  that  models  both  performance  and  resource 
operations. Synthesis of hybrid combines the advantages of a synthesis descending ascending 
followed  by  a  summary.  In  general,  apply  downward  synthesis  modeling  refining  all  the 
details required on how to succeed operations and ascending synthesis allows modeling the 
use of resources. To this end resources are classified into: 
 • General Resources - allocated to a client when it enters the system, is used throughout the 
serving and are released when the service is complete. A general resource may be single or 
multiple. In the latter case, the resource has many similar physical units that can be allocated 
to multiple clients of the same type, 
 • Specific resources - allocated to a client only for certain types of service provision and are 
issued as soon as the services were performed. A specific resource is simple. It can be used 
nepartajat to achieve a single operation, or shared to achieve several operations 
 • Storage resources which provide a physical space in which a limited number of customers 
can expect service by a specific resource. A resource is generally multiple storage because it 
provides more waiting areas available where you can find more customers. 
 
2.PRESENTING THE MODEL WITH PETRI NETS 
 
The main objective of this research is to optimize transportation. 
To achieve this goal is called primarily to analyze the technological process in general 
and specifically identify transport subsystems.  Such  an  analysis  makes  it  possible  to   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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define the required input data model formulation to be modeled. 
  The PN type of management structure  - describes the dynamics of operations and 
resources: 
  Positions  for  each  distinct  sequence  of  operations  are  sequenced  along  a  path 
operations associated with that sequence. In cases where there are choices, competition and 
synchronization between tasks, in a way subcăi operations may occur more operations.  
  Transitions  are  located  just  inland  of  operations  and  possibly  on  their  subcăile, 
marking the end of an operation and the beginning of the following, in accordance with the 
succession of services to be provided to customers.  
  Positions  corresponding  to  transitions  connecting  resources  inland  and  subcăile 
operations without introducing additional transitions.  
  Unless  specifically  requests  a  specific  resource  is  allocated  at  the  beginning  of 
operation it serves and is released at the end of that operation. 
  Unless otherwise indicated, a general resource is allocated at the beginning of serving 
a customer and issued by complete customer service. 
  Leave empty initial marking all appropriate positions and places chips only operations 
of the corresponding resources. 
 
3.MODEL ANALYSIS IN MATLAB 
   
In order to simulate the manufacturing process we chose Matlab package [1], [2], 
which consists pntool library, which can be achieved by modeling the graphs analyzed. 
  Since the time of manufacture are very high and arduous process simulation is carried 
out we divided plotted against transport system. Thus each carrier is allocated private section 
[3][4][5][6][7][8][9][10][11][12]. 
 
 
Fig.1: Reţea Petri for section I   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig.2.: Reţea Petri for section II 
 
Auxiliary section times:  
 
Fig.3.: SECTION time Petri net with auxiliary    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig.4.: SECTION II time Petri net with auxiliry 
4.CONCLUSION  
   
In  the  analyzed  system  was  considered  a  location  where  unloading  and  loading 
process is part of a variant are shown separately transport system, processing system and 
ancillary elements. 
  The simulated using actual production parts made with Matlab package. Graphical 
model is solved using: 
-  Non-timed  Petri  nets  where  available  instruments  provide  information  about  the 
mathematical model. 
   
OBS. Graph is very large, very large processing times whole system was divided into three 
sections based on transport equipment used. 
-  Timed  Petri  nets.  Using  library  tools  pntool  graphs  are  obtained  temporal  evolution  of 
indicators corresponding positions Queue Length Processing. The solid line represents the 
current value and the dashed overall value resulting from mediation between simulation. 
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Abstract:  In  the  paper  developing  we  started  from  a  model  that  allows  a  detailed  decoding  of  causal 
relationships and getting the laws that determine the evolution of the phenomenon. 
  The model chosen for the study is a discrete event system applicable to optimize the transport system 
used in pottery.   In order to simulate the manufacturing process we chose Matlab package that contains pntool 
library, by which can be realized modeling of analyzed graphs. Since the timings of manufacture are very high 
and the process simulation is conducted with difficulty, we divided the graph according to the transport system. 
   
Keywords: Petri networks, system with discrete events, optimization, transport system 
 
 
1.INTRODUCTION 
   
The informatics models are designed to model the flows of information, to process and 
to store information with the task of enabling the analysis, designing and optimization of 
these. According to the literature, the traditional patterns are linear or nonlinear, deterministic 
or  continuous,  stochastic  or  deterministic  [1]  [2]  [3].  The  models  that  help  to  improve 
communication,  ease  the  learning  and  allow  the  study  of  performance  of  the  system  are 
divided into three categories:  
- physical model, including technological equipment to transport and to ensure the transfer of 
information , 
- the functional model describing the model of the system functioning,  
- the organizational model, which describes the system in terms of inter-dependency that exist 
between operators.  
   In manufacturing systems are conducted synchronous, parallel and concurrent events. 
  Parallel events can be simultaneous processing of some pieces on various machine 
tools, carried out simultaneously with the transport of semi-products, with the execution of 
some  loading/unloading  operations.  The  main  modeling  techniques  used  are: 
- techniques based on systems of vectors assembly, 
- techniques based on different types of graphs, 
- techniques based on petri network, 
- techniques based on model queues . 
  For simulating the transport process are necessary data on the structure of the route 
and the time spent by a piece in the manufacturing system, as well as using of a particularized 
simulation model derived from the general simulation models.   
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2.THE GENERAL MODEL  
   
Contributions  concerning  the  timing  of  manufacturing  are  based  on  the  following 
assumptions: 
- The transition sequence of the products on more machine – tools, n, given by the group 
technology,  any  product  i P   must  be  processed  on  machines  in  a  defined  order, 
p 3 2 1 M ,..., M ,  M , M .  
- If the machine  i M is occupied by a product 1 j P , it can not process in the same time the 
product  2 j P .  
- The machine  1 i M   can’t begin processing of the product  ji P until it was process on the 
machine  i M . The processing times of products  j P  on the machines  i M are given by the 
matrix:   n. 1,2,..., j     p; 1,2,..., i     ; tij    
  Since  the  first  machine  can  work  without  a  break,  meaning  it  does  not  take  into 
account  the auxiliaries  times  established  by  legislation  and  that  are  considered  as  having 
constant values, the problem is reduced to minimizing the total time of inactivity for the rest 
of the machine – tools, i.e. to minimize the total time of processing on p machines of n 
products.  
  In order to determine the total time of inactivity [1] of the machines, we start on the 
following considerations: 
- it is denoted by T the total time from the beginning of the first product passing on the 
machine  1 M  and the end of the last product passing on the machine  p M , 
- it establishes an arbitrary order for passing of the products on every machines, 
- it considers  jq X  the waiting time between the end of the product  1 jq P   passing on the 
machine  i M  and the beginning of the product  jq P  passing on the machine  i M . 
  On  this  basis,  it  obtains  the  solution  of  the  calculation  of  the  total  time: 
 
 
 
n
1 r
n
1 r
jr pjr X A T   where  jr prj t A   is the time of processing off the product jr P  on the 
machine  p M . Taking into account that the times values  pjr A  are constants, for minimizing 
the time T it can do the minimization of the function: 

n
1 r
jr X . 
  It is considered that the processing time of the product  1 j P  on the machine  1 M  is 
1 j 1 A . On the machine  2 M  the waiting time is given by the relation:    1 j
) 2 (
1 j A X   
  On  the  machines  p M M ...,   , 3   the waiting times are set customizing the indicated  
relations from Error! Reference source not found.: 
) 2 (
1 j
) 1 (
1 j
) 3 (
1 j A A X    
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) 1 p (
1 j
) 3 (
1 j
) 2 (
1 j
) 1 (
1 j
) p (
1 j A ... A A A X
       
The waiting time 
) 2 (
1 j X , on the machine  2 M , is calculated by the relation: 
) 2 (
1 j
) 2 (
1 j
) 1 (
2 j
) 1 (
1 j
) 2 (
1 j X A A A X      
if 
) 2 (
1 j
) 2 (
1 j
) 2 (
2 j
) 1 (
1 j X A A A     or  0 X
) 2 (
1 j   
if 
) 2 (
1 j
) 2 (
1 j
) 1 (
2 j
) 1 (
1 j X A A A    . 
For the machine  3 M : 
) 3 (
1 j
) 3 (
1 j
) 2 (
2 j
) 1 (
2 j
) 1 (
1 j
) 3 (
2 j X A A A A X       
if 
) 3 (
1 j
) 3 (
1 j
) 2 (
2 j
) 1 (
2 j
) 1 (
1 j X A A A A     , or  0 X
) 3 (
2 j   
if 
) 3 (
1 j
) 3 (
1 j
) 2 (
2 j
) 1 (
2 j
) 1 (
1 j X A A A A     . 
For the machine  p M , the waiting time 
) p (
2 j X  is calculated based on the relation [1]: 



    
1 p
1 i
) p (
1 j
) p (
1 j
) i (
2 j
) 1 (
2 j
) 1 (
1 j
) p (
2 j X A A A A X  
if  


   
1 p
1 i
) p (
1 j
) p (
1 j
) i (
2 j
) 1 (
2 j
) 1 (
1 j X A A A A , or  0 X
) p (
2 j   
if  


   
1 p
1 i
) p (
1 j
) p (
1 j
) i (
2 j
) 1 (
2 j
) 1 (
1 j X A A A A  . 
The  above  relations  can  also  write  in  the  form  [1]: 









   
    
   



1
1
) (
1
) (
1
) (
2
) 1 (
1
) (
2
) 3 (
1
) 3 (
1
) 2 (
2
) 1 (
2
) 1 (
1
) 3 (
2
) 2 (
1
) 2 (
1
) 1 (
2
) 1 (
1
) 2 (
2
) 0 , max(
...
) 0 , max(
) 0 , max(
p
i
p
j
p
j
i
j j
p
j
j j j j j j
j j j j j
X A A A X
X A A A A X
X A A A X











   
   
  
   
   
  
   
   
  
2
1 k
p
1 i
2
1 k
2
1 k
) p (
jk
) p (
jk
) i (
3 j
) 1 (
jk
) p (
3 j
2
1 k
3
1 i
2
1 k
2
1 k
) 3 (
jk
) 3 (
jk
) i (
3 j
) 1 (
jk
) 3 (
3 j
3
1 k
2
1 k
2
1 k
) 2 (
jk
) 2 (
jk
) 1 (
jk
) 2 (
3 j
) 0 , X A A A max( X
...
) 0 , X A A A max( X
) 0 , X A A max( X
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










   
   
  
   
  
  

 















1 n
1 k
p
1 i
1 n
1 k
1 n
1 k
) p (
jk
) p (
jk
) i (
jn
) 1 (
jk
) p (
jn
n
1 k
1 n
1 k
1 n
1 k
) 3 (
jk
) 3 (
jk
) 1 (
jk
) 2 (
jn
) 3 (
jn
1 n
1 k
2 n
1 k
1 n
1 k
) 2 (
jk
) 2 (
jk
) 1 (
jk
) 2 (
jn
) 0 , X A A A max( X
...
) 0 , X A A A max( X
) 0 , X A A max( X
 
The total sum of inactivity times on the machine  2 M , denoted by 
) 2 ( X  is [1]:  
  
  






  
 
     
1 n
1 k
1 n
1 k
1 n
1 k
) 2 (
jk
) 2 (
jk
) 1 (
jk
2
1 k
2
1 k
) 2 (
jk
) 2 (
jk
3
1 k
) 1 (
jk
) 2 (
1 j
) 2 (
1 j
) 1 (
2 j
) 1 (
1 j
) 1 (
1 j
) 2 (
) 0 , X A A
,..., X A A , X A A A , A max( X
 
   
On the machine  3 M , the total time of inactivity is given by: 
    
 
  




 
    
       
2
1 k
2
1 k
n
1 k
1 n
1 k
1 n
1 k
) 3 (
jk
) 3 (
jk
) 1 (
jk
) 2 (
jn
) 3 (
jk
) 3 (
jk
2
1 k
3
1 i
) i (
3 j
) 1 (
jk
) 3 (
1 j
) 3 (
1 j
) 2 (
1 j
) 1 (
2 j
) 1 (
1 j
) 2 (
1 j
) 1 (
1 j
) 3 (
) 0 , X A A A ,..., X A
A A , X A A A A , A A max( X
 
For the machine  p M  [1]: 
       

  





  



     
      
2
1 k
2
1 k
p
1 i
1 n
1 k
1 n
1 k
) p (
jk
) p (
jk
) i (
jk
1 n
1 k
) 1 (
jk
) 2 (
jk
) 2 (
jk
2
1 k
p
1 i
) i (
3 j
) 1 (
jk
) p (
1 j
) p (
1 j
1 p
1 i
) i (
2 j
) 1 (
1 j
) 1 p (
1 j
) 2 (
1 j
) 1 (
1 j
) p (
) 0 , X A A A ,..., X A A A ,
, X A A A , A ... A A max( X
 
                                                                                                                    
  Summing  the  last  relations  we  obtain  the  total  time  of  inactivity  for  the  entire 
technological cycle, for the processing of all parts. It obtains the following relation [1]: 
 
  

n
1 r
p
1 i
n
1 r
) i (
jr jr X X
 
  This relationship expresses the waiting times in the form of expressions that depend 
on machines working times. This relation is minimum when the processing order S is given 
by the relation:   jn 2 j , 1 j P ,..., P P , is optimal. 
If is denoted by    S D
) 1 (
n  the total time of inactivity on products processing in S order, 
on the machine  i M , then it obtains [1]:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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   


 


   


  
n
1 r
1 n
1 r
) 2 (
jr
) 1 (
jr
n 1
) 2 (
n A A max S D

 
   


 


     


  
n
1 r
1 n
1 r
) 3 (
jr
) 2 (
jr
) 2 (
jk
) 1 (
jr
n 1
) 3 (
n ) A A ( ) A A ( max S D

 
…. 
   


 


   




   
n
1 r
1 p
1 i
1 n
1 r
p
1 i
) i (
jr
) i (
jr
n 1
) p (
n A A max S D

 
If it is denoted: 
 



 
n
1 r
1 n
1 r
) 2 (
jr
) 1 (
jr
) 2 ( A A L  
 



   
n
1 r
1 n
1 r
) 3 (
jr
) 2 (
jr
) 2 (
jr
) 1 (
jr
) 3 ( ) A A ( ) A A ( L  
… 
 




 
 
n
1 r
1 p
1 i
1 n
1 r
p
1 i
) i (
jr
) i (
jr
) p ( A A L  
In this case the total time of inactivity on processing can also express thus: 
 
) 2 (
n 1
) 2 (
n L max S D 
 
  
 
) 3 (
n 1
) 3 (
n L max S D 
 
  
  … 
 
) p (
n 1
) p (
n L max S D 
 
  
If it is  supposed that is processing ―n‖  types  of products  on two machines and it 
chooses a random order of the products: 
  jn 1 jk jk 1 jk 2 j 1 j 1 P ,..., P , P , P ,..., P , P S     
 
3.THE STUDY OF THE MODEL  
   
The model of the transport system can be assimilated with a discrete event [2] [3] [4]. 
These systems form a class of nonlinear dynamic systems that are using their mathematical 
tools other than differential equations used in the theory and practice of automatically adjust. 
The systems are used to describe the mathematical model, but also the process to be analyzed. 
  Description of the system is based on a set that includes events that are arrivals and 
exits. The system status is given by the total number of elements that are at a given time in the 
system, ie the space is a set.  
  It is considered the flow line, fig.1, fig. 2, which is provided with the asynchronous 
transfer system, some stations have in the structure storage areas, while others have not. The 
storage spaces are determined by the processing time to the next stage. The semi-products are   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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placed in the working station where they are processed and transported to the next working 
stations. 
  It  is  denoted  by  t T   the  theoretical  time  of  a  processing  cycle.  t T   represents  the 
necessary time for processing and transporting of a certain semi-products set, from the first 
working station to the next one.  t T  is different from the processing time [3] [4].  
  Due to the malfunctions that may occur, the average time of production  p T  is higher 
than the time t T . The time  d T  is considered as being the time of diagnosis and performing 
necessary repairs. The time  d T  may also have more components  dk T  depending on the reasons 
for stopping. The frequency of the flow line stopping due to the defects k  is denoted by  k F . 
  If there exists at least one reason that can stop the flow line, the average time of 
production is determined by the relation: 


  
h
k
dk k t p T F T T
1
 
where h is the maximum number of possibilities of defects that the line can have. 
  It  is  considered  the  flexible  manufacturing  system,  consisting  of  the  following 
resources, placed according to the representation from fig.1 and fig. 2: 
- Processing centers, M1- Burning, M2- Form of payment, M3- Frosting; 
- Conveyors, truck; 
- Intermediary storages, D1; 
- robot, R1; 
 
 
 
Fig.1: Petri Network    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Fig.2 Petri network with auxiliary times 
 
 
 
Fig.3: The evolution of indicators Queue Length corresponding to the analyzed positions 
(continuous line – current value; dashed line – global value resulting from mediation on the simulation 
interval)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  The  max-plus  model  are  highlighted  grid  positions  assigned  time  duration  and 
transitions are used to designate the name of the state variables. 
 
 
Fig.4: Graphical representation corresponding to the section II displayed in the window 
opened by Petri Net Toolbox for max-plus analyze 
 
4.CONCLUSION 
  It  was  developed  the  transport  system  that  established  the  dimensioning,  internal 
structure and the corresponding couplings. In addition to the workstations in the system are 
included control stations and corresponding logistics sub-systems. 
Applying  product  manufacturing  times  and  transportation  times  obtained  by 
measuring the spot, it is obtained graphical representations that show the average times of 
transport activity, but  also  the evolution  of the  average time of processing related to  the 
transport activity time, using as parameters sets of finite products. 
The  theoretical  results  that  are  obtained  can  be  implemented  directly  in  the 
manufacturing process. By optimizing the proposed transport system is obtained a reduction 
of the waiting time, transportation time, queue length reduction and easier coordination of 
combustion furnaces.  
  A  contribution  is  referred  to  the  study  of  simulation  solutions  proposed.  First  the 
method was developed for a flexible system. It resulted from the performed researches the 
possibility of using it also in the case of classical manufacturing systems considering the 
analyzed aspects in this paper. 
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Abstract: The main objective of this analysis is to identify the terms that, by measuring, give information 
concerning the safety of the mechanical systems and the utility of the stochastic systems theory with finite 
states for ordering the useful information to increase the precision in estimating of the reliability parame- 
ters, predicting safety in using of the mobile mechanical systems.  
 
Keywords:  stochastic systems, reliability of mechanical systems. 
 
 
1.THE APPLICABILITY OF THE GENERAL THEORY OF THE STOCHASTIC 
SYSTEMS TO STUDY THE MECHANICAL SYSTEMS 
   In addressing of the stochastic systems  with finite states we shall use the terminology 
established for this field in paper [5]. 
To every physical object is associated a lot of measurable attributes. When investigating the 
behaviour  of  the  physical  object,  of  the  mechanical  system,  its  equivalent  class,  the  lot  of 
measurable attributes is progressively known in greater rate, if the information is well ordered, 
classified and stocked. For this purpose, it is useful the association to the respective class of 
physical objects, of mechanical systems, for instance, of an abstract object. 
By definition, an abstract object is a lot of pairs ordered by time functions: 
 
        , y , u A
1 0 1 0 t , t t , t                                                      (1) 
with terms: 
t0   ( , ); 
t1   ( , ); 
 
( , ) (( , ) ) (( , ) ) [ , ] [ , ] [ , ] [ , ]] [ , ] [ , ] u y u y u y t t t t t t t t 0 1 0 1 0 0 1 1      A    A     A      
for    1 0 t , t     . 
It is called input of A, the segment: u=u(t0,t1).   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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It is called ouput of A, the segment: y=y(t0,t1). 
Essentially, an abstract object A, is a lot of input – output pairs, A={(u,y)}. 
   The  abstract  object  is  a  formal  expression  of  the  fact  that  any  interaction  with  a 
physical object impose to vary some of the attributes of this object, considered as inputs 
(causes) and to notice the variations that result for the other attributes, considered as outputs 
(effects). The totality of observations is the abstract object. 
Because to each input corresponds a number of possible outputs (because the output 
depends not only of input, but also of the state), an abstract object is a relationship, not a 
function or an operator.  
  It is called system, a lot of abstract objects, A1 ...An, where a part of the inputs of some 
objects are obliged  to be equal (for all t values) to the outputs of other objects from the 
respective lot. Usually, any abstract object can be approached as a system; from this reason, 
the term system is used to describe an abstract object as well as a lot of abstract objects. 
  A  mobile  mechanical  system,  modeled  as  stochastic  system  with  finite  states,  is 
defined by 3 finite sets of sizes X, Y and S, and also by a function of conditioned probability 
(passing probability), called input-state-output relationship:   
                                                                    u , s | ' s , v p                                                           (2) 
where: 
  X is a finite set of sizes called input alphabet; 
  Y is a finite set of sizes called output alphabet; 
  S is a finite set of sizes called states lot; 
  x is an input, some element from X; 
  y is noticed reply, some element from Y; 
  s is the current internal status of the system; it is an element from S;   
  s' is the new status of the system; is an element from S; 
  u and v are finite sequences of elements from X , respectivelly from Y. 
   
A mechanical system, considered stochastic system with finite states (M, ˀ),  consists of a 
stochastic machine with finite states M and a distribution of probability upon the lot S of the 
machine states: 
                 S s ;                                                                                
(3) 
  The input-output relationship of the system (M, ˀ) can be written: 
 
             
S
s s u , v p ) u | v p                                                          (4) 
where : 
    


S ' s
s u , s | ' s , v p ) u | v p                                                                    (5)  
For the classes of physical systems studied in this paper (classes of mechanical systems), we 
first propose a distribution of probability obtained by ordering the states based of the system’s 
wear, in accordance to the „bath tub‖ curve.       Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
413 
In the theory of deterministic machines with finite states, two states s1 and s2 are 
equivalent if experimentally they cannot be distinguished, one from another, as initial states, 
so, if the systems (M,s1) and (M,s2) have the same input-output relationship; the equivalent 
states are redundant and can be removed. 
  The deterministic systems are equivalent if and only if they are equivalent in relation 
to the input event. Two stochastic systems with finite states are equivalent if, for two given 
distributions on the states lot of machines M and N: 
 
           u | v p u | v p N M
   ,                                                      (6) 
for all sequences.  
Definition: k-equivalence, represents the equality of the input-output relations for all the rows  
u and v of k length.  
  By definition, two machines are equivalent as state, if for each state of a machine M  
corresponds  an  equivalent  state  of  the  machine  N  and  for  each  state  of  the  machine  N 
correspond an equivalent state of the machine M. A machine that doesn’t admit equivalent 
state is in a reduced shape.   Further  on,  we  are  proposing  an  extension  of  notions  k  – 
equivalence  (for  a  better  systematization  of  the  information  progressively  obtained)  in 
manufacturing and use of the mobile mechanical systems, as follows: 
  It defines (ik, sk, ok)- equivalence by producing with a given trust level, of the input – 
output relationships for all the rows u, of length ik, all the rows v, of length ok and for the 
rows of ordered states  of length sk. 
  Note: k-equivalence is obtained in the situation when ok has a single value. 
The input sequences are ordered in 4 successive groups of sizes, like: 
  I.   – sizes referring to the inputs adequate to the main function (established according 
to the principles of the value analysis);  nxi  is the number of sizes from this group: 
 x k n ik xi , ,   1  
  II.  – sizes referring to the commands of the physical object modeled by the abstract 
object, respectivelly by the stochastic system with finite states; nxc is the number of sizes from 
this group: 
x k n ck xc , , ;   1  
  III.  -  "sizes  of  influence"  are  inputs  that  influence  the  outputs,  except  for  those 
previous and states; they can be interpreted as perturbations of the environment etc.; nxp is the 
number of sizes from this group: 
x k n pk xp , , ;   1  
  IV. codes, according to different maintenance works, established in the technical book 
of  the  modeled  system,  that  influence  the  evolution  of  the  operational  states  (cleaning, 
greasing, adjustments, preventive replacing of the wear or old parts, repairings etc).  
  Similarly, the output sequences are ordered in 3 successive groups of values, as: 
  I.   –  sizes referring to outputs according to the main function (established according 
to the value analysis principles);  nyi is the number of sizes from this group: 
y k n ik yi , , ;   1    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  II.  – sizes referring to the transducers signals installed in the modeled physical object, 
control or monitorizing;  nyc is the number of sizes from this group: 
y k n ck yc , , ;   1    
  III. – sizes referring to the perturbations caused to the environment, waste processings 
in functioning of the modeled physical object;  ypk  is the number of sizes from this group: 
y k n pk yp , , ;   1  
  For each output size there are given two values: the maximum value and the minimum 
value. The effective value has to  be found between these extreme values, according to  a 
certain  input  sequence  and  to  a  certain  state,  with  a  trust  level  that  corresponds  to  the 
probability in the input-output relationship of the stochastic system with finite states.   
The lot of states can be ordered according to the following criteria: 
  - received commands; 
  - framing the values of the influence sizes in the allowable field prescribed by the 
producer; 
  - number of the conventional hours of operation in the previous period, to estimate the 
reliability  for  the  later  period  ;  there  are  used  amplification  coefficients  of  the  operation 
number of hours according to the stocked energy, that can be registered  based on processing 
of inputs from those 4 groups.  In this way, it can be applied the postulate: "a failure point 
appears  in  a  perfect  object  when  the  stocked  energy  according  to  a  certain  law  outrun  a   
critical value". This postulate corresponds to the definition stated by Beltrani "A failure point 
in a perfect object is that one for which a law of energy accumulation stops to be valid " [4].  
  So, there are: 
  -  a  reliability  for  the  appearance  of  the  uncompliance,  when  there  is  no  more 
accomplished  the  requirement    of  a  specification  relating  to  a  secondary  function  of  the 
modeled physical object; 
  - a reliability for the appearance of a fault, when there is no more accomplished the 
requirement of a specification relating to a main function of the modeled physical object. 
 
 
 
Fig. 1 The block scheme of modeling of a mobile mechanical system   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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In modeling of the mobile mechanical systems, through the stochastic systems theory, 
there are established:  
o  4 input types: 
-  main inputs (according to the main function of the mechanism, in the conception of  
the value analysis); 
-  commands; 
-  influence sizes (received perturbations); 
-  terotechnical sizes, for maintenance and repair of the system’s elements 
o  3 output types: 
-  main outputs (according to the main function of the mechanism, in the conception of 
the value analysis); 
-  information from transducers etc ; 
-  pollution, waste processings, environmental perturbations (noises, vibrations etc)  
o  2 state types: 
-  states of alternative operation; 
-  states of dysfunction, failure  
 
2.MODELING OF THE FAILURE PROCESSES OF THE MOBILE MECHANICAL 
SYSTEMS  
  The main objective of this analysis is the identification of the sizes that give, by 
measuring, information about the failure processes of the mobile mechanical systems, of their 
elements, that will be useful to establish data banks with the causes of failure of the elements 
belonging to the mobile mechanical systems.   
  By sistemically approaching , the class  of physical objects established by the lot of 
mobile mechanical systems, can be modeled by an abstract object, a stochastic system with finite 
states.   As  inputs, that  can produce  the  appearance  of the  failure  states  of mechanisms  for 
robots, are: 
  X1 outrun of the maximum specified operation power 
  X2  incorrect  commands  that  can  cause,  for  instance,  the  collision  of  the  mobile 
mechanical system with other bodies from the precinct 
  X3 influence sizes, perturbations: 
    X31- frequencies and the level of vibrations, shocks, received from environment; 
    X32- environment temperature; 
    X33- environment moisture; 
    X34- environment pressure; 
            X35- erosion due to environment (sand, dust, ice, micro-organisms etc); 
    X36- corrosion due to the environment; 
    X37- solar radiations; 
    X38- nuclear radiations (Roentgen, cosmic radiations). 
  We shall take into consideration, as shape of the curve that describes the intensity of 
failures,  the shape known as „bath tub‖. The curve’s shape is influenced by the maintenance 
policy of those systems. In relation to the placement form, there are two classes of failure:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  -  failures  that  occur  whatever  the  maintenance  policy  and  that  have  an  exponential 
distribution; 
    -  failures  that  can  be  forewarned  by  maintenance  operations  and  that  have  typical 
distributions according to the failure causes. 
  There can be distinguished the following states of the mechanisms for robots: 
  1. OPERATING STATUS     
        1.1-COMPLIANCE  STATUS,  mechanism  in  good  operating  status  [2]  (the 
transfer  functions  for  its  kinetostatic  parameters  are  those  specified  in  the  technical  book); 
availability is defined as capacity of the system to run in good operating status[2] 
        1.2-  UNCOMPLIANCE  STATUS,  mechanism  in  operating  status  with 
deficiencies (the transfer functions for its kinetostatic parameters have random nature, because of 
the big clearance in joints caused by wear or derangements,  fixations weakl,  lubricant loss etc). 
The capacity of the system to keep its status of good operation, determines the lifetime or 
sustainability  [2];  safety  in  operation  takes  into  consideration  technical  conditions  of 
performance stipulated in a standard [1]. Safety in operation represents a limit status of the 
degradation, specified, level under which the safety is not totally compromised. 
  2.  BREAKDOWN  STATUS,  CRASH,  one  or  more  transfer  functions  for  outputs, 
according to the main function (according to the value’s analysis), is constantly zero.  
        2.1- mechanism with broken elements; 
        2.2- mechanism damaged, with blocked joints. 
Reliability is defined as the capacity of a system or of an element to accomplish the specified 
function in an established time. Not always the increasing of the reliability leads to the increasing 
of the safety in operation [2].  
  The breaking ways of the metallic elements of the mechanical systems are [2]:  
o  breakings due to cvasistatic overloads, ductile or brittle;   
o  breakings due to fatigue when acting forces, with a constant or variable amplitude, upon 
one direction or multiaxis, freeting or termotechnics, in corrosive environment; the force 
determines the crack initiation, evolution and braking of the material.  
Wearing is a process of  destruction or exterior surface degradation of a solid body, being in 
mobile contact with the surface of another body, due to the action of the contact forces.  
  In the wearing processes are involved 4 base wearing mechanisms or combinations of 
these ones.  These 4 base wearing mechanisms are: 
  a)  Adhesion  –  consists  in  formation  and  breaking  of  the  micro-weldings  (welding 
bridges) between the contact micro-surfaces;  
  b) Abrasion – consists in wearing due to the hard particles existing between the contact 
surfaces or due to the roughnesses of one of the contact surfaces; 
  c) Surface’s fatigue – consists in wearing due to the dinamic forces of the surfaces in 
contact [2]; 
  d) Freeting wear [2] 
  e) Tribochemical reaction – consists in formation  of some products of chemical reaction, 
due  to  the chemical inter-reactions between the elements of a tribological system, because of a 
tribological action.  
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3.CONCLUSIONS 
 
  Modeling of the failure processes of the mobile mechanical systems proposed in the 
paper, allows to order the information obtained, to produce and operate them, so it can be 
efficiently apply the theory of the useful error [3], to increase the precision in estimating the 
reliability parameters, the prediction of the safety of the useful mechanical systems. 
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A NUMERICAL EXAMPLE TO DETERMINE THE SUPPLIER 
PERFORMANCE USING DEA AND AHP PIECEWISE  
TRAPEZOIDAL FUZZY 
 
Iuliana Carmen BĂRBĂCIORU , Univ. Lecturer Ph. D. 
‖Constantin Brâncuşi‖ University, Tg. Jiu 
 
Abstract.In this article, you will be exposed to a new method using both DEA and the methods of AHP, a 
method that aims to evaluate the overall performance of a company involving suppliers in the production of 
certain  goods.  DEA  method is  used  weightings  trapezoidal  fuzzy  numbers.  A  bias  tolerance  ratio  (BTR)  is 
introduced to represent a range of acceptable weights. 
 
Keywords: Data envelopment analysis (DEA), analytical hierarchy process (AHP), fuzzy trapezoidal surfaces, 
performance of suppliers. 
 
1. INTRODUCTION 
 
This paper presents a numerical example of the method of performance evaluation of 
suppliers for small and medium enterprises (SMEs).The method was exposed in [2].Along, 
the way some authors have different approaches to improve the adaptability of AHP method. 
Boender et al. [1] and Chen et al. [3] were embedded in AHP fuzzy method. Particularly, an 
interval  AHP  for  crisp  data  was  proposed  by  Sugihara  [6]  to  solve  linear  programming 
problem: 
 
) ( , j i j i   i j ij w w a   
) ( , j i j i   i j ij w w a   
j  1
} {
  
   j i
j i w w                             (1) 
j  1
} {
  
   j i
i j w w  
i  i i w w   
i  0 ,  i i w w  
 
where  } ,..., 1 { n    and 
i w  and 
i w is  upper  and  lower  limits  respectively  and  reflect  the 
inconsistency of comparing pairs.  
   
Sugihara [5] also proposes a fuzzy AHP by replacing uncertain values based matrix 
with fuzzy numbers to counter some incomplete information and human subjectivity.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Typically, the matrix is perfectly consistent pairs because of high redundancy in pairwise 
comparison. 
However, due to the redundancy in the pairwise comparisons, the process is fairly 
insensitive to judgmental errors.In this article, I try to use redundancy and inconsistency in 
pairwise  comparison  to  generate  a  number  of  constraints  on  the  importance  weights  of 
evaluation criteria. 
 
2. THE DETERMINATION OF AREAS TRAPEZOIDAL FUZZY WEIGHTING 
FACTORS  
 
Supplier Performance Evaluationis a typical problem of multicriteriadecisionmaking 
(MCDM).In  most  cases,  the  AHP  matrix  pair  is  not  perfectly  consistent.  This  type  of 
inconsistency can be used to generate a lot of ranges of values of weighting factors. 
By performing Satty's of the pairwise comparison is considered a reciprocal matrix: 
 
m m ij a A   ) ( ,:  m j i ,..., 2 , 1 ,   , 
ij
ji a
a
1

,  1  ij a  for  i=j,                           (2) 
A matrix of the form (2) which is strongly transitive: 
 
m m ij a A   ) ( ,   m k j i ,..., 2 , 1 , ,   ,   kj ik ij a a a            (3) 
is called perfectly consistent [5].  
Therefore,
T
mj j j j a a a A ) ,..., , ( 2 1  isstagejto compare theresults. Most often, to obtain 
relative weighting factors for each criterion using either the sum-product or geometric mean 
method, both providing plenty of clear data representing global weights assigned to the 
criteria.It is necessary consistency index, CI<0.1,to avoid inconsistency, in which case 
1
max



m
m
CI

 where   max   is the largest eigenvalue of the matrix A. 
Based on this analysis, a matrix  m m ij a A   ) ( includesm stage rounds of comparisons.   
In this article, comparing the results of each stage are used to form trapezoidal fuzzy 
sets  surfaces  by  assigning  weights  to  each  factor  fuzzy  membership  function.  The 
methodology will be displayed below.By normalization of each column j of matrix A we get a 
combination of weighting factors for each criterion: 
 


  
r
i
ij ij m m ij a a b B
1
/ ) ( ,        j=1,2,…,m         (4) 
 
Where 
T
m B B B B ) ,..., , ( 2 1   and ) ,..., , ( 2 1 im i i i b b b B  which contains all weights m from the m 
stages comparison criterion. 
Consider the smallest number of  im i i b b b ,..., , 2 1 , r=1,2,…,m, i.e.,  degree r = 1 
corresponds to the lowest  ij b , j=1,2,…,m in Bi. the membership function µ(xir)will be:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Trapezoidal fuzzy piecewise can therefore be described as: 





  
 m
m m
r w w W ir ir i ,...,
4
) 1 ( 3
,...,
4
1
,..., 2 , 1 , ) ( / ) (  
 
 
Before determining boundaries [wiL,wiH] for weighting factors wi is introduced BTR, 
which we denote by β, β ∈ [0,1] to represent the degree of admissibility of weights for 
decision makers. β is defined as complementary membership function, 
 
                                                      β= 1-µ(wL ) = 1- µ(wH)  
(6) 
                                                      µ(wL ) = µ(wH) = 1- β 
 
By giving a particular value β, thewL, and wH can be interpolated by the piecewise 
linear function, which is determined by the pointsets: 
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Given a set of points       kk x ,y ,k 0,n  , the piecewise linear interpolation equation 
can be written as follows: 
 
k 1 k
h k k 1
k k 1 k 1 k
x x x x
I (x) y y
x x x x






,         x  k k 1 x ,x  (10) 
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,
3
) 1 ( 4

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m k ,..., 0  m
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4
1
,..., 1
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yk = wi,r 
 
x=1-β 
 
Upper and lower boundary sets are calculated as:  
 
} ,..., , { 2 1 mL L L L w w w W                      (12) 
} ,..., , { 2 1 mH H H H w w w W   
 
3.ILLUSTRATIVE EXAMPLE  
 
  This  section  presents  an  example  to  illustrate  the  approach  described  in  Sec.  2. 
Assume that there are six suppliers to be examined and the relevant pairwise matrix is shown 
in Table 1. 
 
Table 1 Pairwise comparison matrix for six candidates 
Cj  C1  C2  C3  C4  C5  C6 
C1  1  3  5  9  7  9 
C2  1/3  1  2  2  1  3 
C3  1/5  1/2  1  9  7  7 
C4  1/9  1/2  1/9  1  1/5  1/6 
C5  1/7  1  1/7  5  1  3 
C6  1/9  1/3  1/7  6  1/3  1 
Sum  1.8984  6.33  8.39  32.00  16.53  23.17 
Through normalizing by Eq. (4), Table 2 shows the transformed matrix.  
 
Table 2Normalized weighting sets for C1- C6 
Cj  C1  C2  C3  C4  C5  C6 
C1  0.526756  0.473684  0.595463  0.28125  0.423387  0.388489 
C2  0.175585  0.157895  0.238185  0.0625  0.060484  0.129496 
C3  0.105351   0.078947  0.119093  0.28125  0.423387  0.302158 
C4  0.058528  0.078947  0.013233  0.03125  0.012097  0.007194 
C5  0.075251  0.157895  0.017013  0.15625  0.060484  0.129496 
C6  0.058528  0.052632  0.017013  0.1875  0.020161  0.043165 
 
Sort the numbers in Table 2 for each rowsand the median values.  
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Table 3.Sort numbers and the median values. 
Cj  C1  C2  C3  C4  C5  C6  Median value 
C1  0.28125  0.388489  0.423387  0.473684  0.526756  0.595463  0.448535654 
C2  0.060484  0.0625  0.129496  0.157895  0.175585  0.238185  0.14369557 
C3  0.078947  0.105351  0.119093  0.28125  0.302158  0.423387  0.200171314 
C4  0.007194  0.012097  0.013233  0.03125  0.058528  0.078947  0.022241257 
C5  0.017013  0.060484  0.075251  0.129496  0.15625  0.157895  0.102373619 
C6  0.017013  0.020161  0.043165  0.052632  0.058528  0.1875  0.047898523 
 
The piecewise trapezoidal fuzzy sets are obtained in Table 4.To determine the membership 
functions we used equation (4). 
 
Table 4.Sorted series with the median values added. 
Cj  C1  C2  C3  Median value  C4  C5  C6 
C1  0.28125  0.388489  0.423387  0.448535654  0.473684  0.526756  0.595463 
C2  0.060484  0.0625  0.129496  0.14369557  0.157895  0.175585  0.238185 
C3  0.078947  0.105351  0.119093  0.200171314  0.28125  0.302158  0.423387 
C4  0.007194  0.012097  0.013233  0.022241257  0.03125  0.058528  0.078947 
C5  0.017013  0.060484  0.075251  0.102373619  0.129496  0.15625  0.157895 
C6  0.017013  0.020161  0.043165  0.047898523  0.052632  0.058528  0.1875 
µ(wir)  0  1  1  1  1  1  0 
 
Without loss of generality, w1 is taken as an example. The fuzzy set for w1 can be written as: 
 
 
 
If a BTR is given as 0.2, then according to the equation (6), 1-0.2=0.8∈[0,1]. Using equation 
(10) we have: 
 
 
 
 
Figure 1 shows the piecewise trapezoidal fuzzy sets for weightings w1 through w6. 
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4. CONCLUSIONS 
 
 It is sometimes troublesome and difficult to determine appropriate weights, although it has 
the flexibility. The difficulty of determining appropriate causes the possible misjudge from 
using the model. To overcome this difficulty or problem, the piecewise trapezoidal fuzzy set 
and the BTR parameter are introduced in this paper to prevent potential valuable suppliers 
from being pruned out. 
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EXISTENCE AND UNIQUENESS OF THE SOLUTIONS FOR A CLASS 
OF STOCHASTIC DIFFERENTIAL EQUATIONS WITH INFINITE 
MARKOVIAN JUMPS 
 
Dr. Viorica Mariela UNGUREANU, Constantin Brâncuşi University, Tg-Jiu, ROMANIA, 
vio@utgjiu.ro 
 
Abstract: In this paper we discuss existence and uniqueness problems for the solutions of a class of infinite 
dimensional stochastic differential equations (SDEs) with infinite Markovian jumps (MJs). The term "infinity" 
used with the notion of Markov process means that the state space of the Markov process is countably infinite. 
This type of equations model different real world processes which experience abrupt changes of their states. 
 
Keywords: Stochastic differential equations, Ito integral, Markov processes, countably infinite state space 
 
1. INTRODUCTION 
 
Recently, the SDEs with infinite MJs have attracted the interest of researchers, due to the 
new areas where they apply. We mention here the telecommunications and the economic field 
(see [1], [3], [4] and the references therein). In this paper we give sufficient conditions for the 
existence and the uniqueness of the solutions for this class of stochastic differential equations. 
The obtained result is an infinite-dimensional version of Theorem 5.1.1 from [5], which solve 
a similar problem for finite dimensional SDEs without jumps. 
 
2. PRELIMINARIES 
 
Let    P , ,F    be a probability space and let Z be an interval of integers, which may 
be finite or infinite. Assume that     t t ,  R  +  is a right continuous homogeneous Markov 
chain on    with the state space Z and the infinitesimal matrix   
Z   
j i ij ,   having the 
property that  0  ij   for all   j i, Z,  i j   and there are the constants   1 ,c c R+ such that 
Z       
   
i c c ji
i j j
ii ij
i j j
, , 1
, ,
  
Z Z
.  It  is  known  that  the  transition  probabilities 
  Z  j i j i t p , . } {  satisfy the first system of Kolmogorov equations 
   
  0 , 0
,
,  
 


t p
t p t p
j i ij
kj ik
k
ij


Z  
Let   } 0 /{ N N  
 r   be given. We consider a standard   r dimensional Wiener process on  
,              R t t w t w r k k , , 1   such  that  the    -algebras      t s s w   0 ,    and  
    t s s t    0 ,   G   are independent. 
Let us denote by  0 ,  t t F  the smallest  -algebra containing all sets  F  M  with the property 
0 ) (  M P  and with respect to which all random vectors  t s s w  ), (  are measurable. It is easy   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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to see that the Wiener process  0 )} ( {  t t w   is adapted to the filtration  0 , :    t t t t G F H  and 
for every  0  s , the process        0    t t w s t w  is independent of the    algebra  t H . Such a 
 -algebra is called an admissible filtration for the Wiener process   t w . We note that  t H   
contains all P -neglijable sets from F . 
In  this  paper,  the  mean  (expectation)  of     will  be  denoted  by   .  E   For  any  Z  i ,  
    i t E    |  is the conditional mean of the integrable random variable   on the event    i t   . 
Denoting by 
 t H  the normal filtration   h t h    H 0  , we have the following. 
 Proposition 1. The Wiener process    t w  is 
 t H  adapted and        0 ,    h t w h t w    is  
 t H   
independent for all  . 0  t   
 Proof. The first assertion of the theorem is a consequence of the inclusion
  t t H H . We 
shall prove that the process         0 ,    h t w h t w   is 
 t H  -independent for all  0  t . For any  
 N n   we set     f f C
n , : { 0 R R R    is continuous and vanishes to infinity . It is known 
that  the   -algebra  generated  by   
n C R 0   coincides with the  Borel   -algebra   .
n R B   
Moreover, if    
n C g f R 0 ,    then    
n C fg R 0  . 
Let   0 ,  
 t n N   and   n h h h    ... 2 1   be arbitrary, but fixed. We shall prove that, for 
any  
 t H  -measurable and bounded random variable  z  and   , 0
n C f R   we have 
(1)                     
             . ,...,
,...,
1
1
z E t w h t w t w h t w f E
z t w h t w t w h t w f E
n
n
   
    
 
Indeed,  since  the  Wiener  process  has  continuous  trajectories  we  can  apply  the  Lebesque 
Dominated Convergence Theorem to deduce that  
           
           
                        
     
    




t z q t w h t w q t w h t w f E E
z q t w h t w q t w h t w f E
z t w h t w t w h t w f E
n
q
q
n q
n
H | ,..., lim
,..., lim
,...,
1
0
, 0
1 0
1
 
For any     1 , 0 h q   the random variable             q t w h t w q t w h t w n       ,.., 1   is  
q t H   -independent and, therefore, it is  
 t H   -independent, too. We get 
           
             


     
      
t
t
z E q t w h t w q t w h t w f E
z q t w h t w q t w h t w f E
n
n
H
H
| ,...,
| ,...,
1
1
 
and   
               . ,..., 1 z E t w h t w t w h t w f E n        
Consider the linear space  H  of all bounded and measurable functions from      
n n R R B ,   to  
    R R B , , which satisfies (1). We observe that     H 
n C R 0  . If   R R 
n f :   is bounded 
and there is a sequence of nonnegative functions   n f   increasing pointwise to f , then, by the   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Monotone  Convergence  Theorem  of  Lebesque,  it  follows  that  H  f .  Obviously,  the 
constant functions belong toH . Applying a version of the monotone class theorem it follows 
that H contains the set of all bounded and    
n R B   -measurable functions   R R 
n f :  . 
Hence (1) holds for any bounded Borel function. The conclusion follows. 
The above proposition shows that the filtration  
 t H   and the Wiener process     t w   satisfy 
the usual conditions from the Ito's integral theory. Therefore, in this paper the Ito integral will 
be considered with respect to this filtration and the Wiener process    . t w   
For any real separable Hilbert space  H  , we denote by     H T t L w ], , [ 0
2
,    the space of all  H  -
valued processes  ) (t X ,  ] , [ 0 T t t ,  T t  0 which are nonanticipative  [5] with respect to the 
filtration 
 t H   and  have  the  property  that      







 dt t X E
T
t
2
0
; it is known that any  
  H T t L X w ], , [ 0
2
,     is stochastically integrable on   ] , [ 0 T t   [6]. We note here that     t    is 
right continuous and adapted to 
 t H ; therefore, it is nonanticipative. 
 
3. THE MAIN RESULT 
 
In this section we assume the following hypothesis 
(H1)  i)  The functions  H H b H H a r         Z Z R R : , :  are such that for each  
Z  i ,      r k i b i a k ,.., 1 , ,. ., , ,. .,    is  measurable  with  respect  to    H   R B ,  where  
  H   R B   denotes the   -algebra of Borel sets in   H   R  . 
ii) For each  0  T   there exists     0  T    such that, for all  ] , 0 [ T t ,  H x x  2 1, ,  
Z  i , 
 
  ; ,.., 1 , ) , , ( ) , , (
; ) , , ( ) , , (
2
2 1
2
2 1
2
2 1
2
2 1
r k x x T x i t b x i t b
x x T x i t a x i t a
k k    
  


 
      r k x T x i t b x T x i t a k ,.., 1 , 1 ) , , ( ; 1 ) , , (
2 2 2 2
        
Let now consider the stochastic system  
               
  0 0 0
1
, 0 , ) 3 (
, , , , ) 2 (
t t t t x
t w d t x t t b dt t x t t a t dx k k
r
k
  
  


 
 
where   is a H  valued and 
 0 t H -measurable random variable on  such that      
2
 E  . 
By a solution of (2)-(3) we mean a function    H T t L x w ], , [ (.) 0
2
,    which satisfies the 
stochastic integral equation  
               . , , , , ) 4 (
1
s dw s x s s b ds s x s s a t x k k
t
t
r
k
t
t o o
     

      Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Theorem  1  Under  the  above  hypotheses  there  is  a  unique  continuous  solution  
x tx t,x0,   ,  t t0  from     H T t L w ], , [ 0
2
,    of (2)-(3). Moreover, we have 
(5)                     . | 1 | sup
0 0
0
2 2
i t i t
T t t
E K t x E  
 
      
where   K  is a positive constant which depends on    T T ,   and  r . Here the uniqueness is 
understood  in  the  sense  that  if  (.) 1 x   and  (.) 2 x   are  two  solutions  of  (2)-(3)  from  
  H T t L w ], , [ 0
2
,   , then         0 2 1   t x t x E  . 
 Proof First we shall prove the uniqueness. Let  (.), 1 x   H T t L x w ], , [ (.) 0
2
, 2    be two solutions 
of (2)-(3). Taking into account (4), we get 
               
               . , , , ,
, , , , ) 6 (
2 1
1
1 1 2 1
s dw s x s s b s x s s b
ds s x s s a s x s s a t x t x
k k k
t
t
r
k
t
t
o
o
 
 
 
  
 


 
It is known [2] that for any      H T t L w ], , [ . 0
2
,      we have  
          . ) 7 (
2
2 2
ds s E s dw s E s dw s E
t
t
k
t
t
k
t
t o o o
 








 








     
From (6), (H1) and the above inequality we obtain successively  
                            ds s x s s a s x s s a E t r t x t x E
t
to
2
1 1
2
2 1 , , , , { 1 ) 8 (    
                } , , , ,
2
2 1
1 







  

s dw s x s s b s x s s b E k k k
t
t
r
k o
   
            .} { 1
2
2 1
1
2
2 1
2








 








     

ds s x s x E ds s x s x tE T r
t
t
r
k
t
t o o
  
(9)                    , 1
2
2 1
2 2
2 1 ds s x s x E r T r T t x t x E
t
to
        
for  all  t0  ≤  t  ≤  T.  From  Gronwall's  lemma  it  follows  that        0
2
2 1   t x t x E .  Hence 
      0 2 1   t x t x E   for all   ] , [ 0 T t t . The uniqueness of the solution is proved. 
For  the  existence  part  we  shall  use  the  method  of  successive  approximations  [5].  Let  
    t x0   and    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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(10)           
       
       , , ,
, ,
1
1
s dw s x s s b
ds s x s s a t x
k m k
t
t
r
k
m
t
t
m
o
o

 
 




 
 
for  all    N  m   .  Arguing  exactly  as  in  [5],  we  can  prove  by  induction on 
 N m   that 
  H T t L x w m ], , [ 0
2
,    and there is a positive constant M depending only on    T   and    .
2
 E  
such that 
(11)                 
 ! 1
1 
   p
Mt
t x t x
p
p p  
for all  1   m p ,
 N m .  
Replacing  1 x  and  2 x  in (6) with  1  m x  and  m x , respectively, arguing as in (8) and taking 
the supremum and the mean we get 
                      








   





 
 

 
ds s x s s a s x s s a TE r t x t x E
t
t T t t
m m
T t t
o
2
1 1
2
1 , , , , sup { 1 sup
0 0
   
                } , , , , sup
2
2 1
1 0 







  
  
s dw s x s s b s x s s b E k k k
t
t T t t
r
k o
  . 
Let us denote fm (T) =      





 
 
2
1
0
sup t x t x E m m
T t t
. An infinite dimensional version of Theorem 
4.36  from  [5]  ensures  that           . 4 1
2 ds s f r T T r T f m
T
t
m
o        From  (11)  we  obtain  
        
        
 ! 1
4 1
! 1
4 1
2 2

  

    m
MT
r T T r T ds
m
Ms
r T r T T f
m m T
t
m
o
  .   
Hence  
        
 
.
! 1
4 1 sup
2 2 2
1
0 
   





 
  m
MT
Tr T r T t x t x E
m
m m
T t t
  
Denoting        Tr T r T T 4 1
2 2      and using the Chebyshev's Inequality we get  
      
 
.
! 1
4
2
1
sup 1
0 
 





  
  m
MT
T t x t x P
m
m m m
T t t
  
Obviously the series  
 
 ! 1
4
1


  m
MT
m
m
  converges and the Borel-Cantelli’s Lemma ensures that  
    . 0
2
1
sup
1
1
0
  


 








 



 

 
I
n
m m m
T t t n k
t x t x P    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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Arguing  as  in  [5],  we  conclude  that  the  sequence              t x t x t x t x p p
m
p
m    

  1
1
0
0   
converges uniformly in    T t t , 0   to a function    t x  which is a continuous and nonanticipative 
process from    . ], , [ 0
2
, H T t L w    Passing to the limit for     m   in (10) we see that     t x   is a 
solution of (2)-(3). The existence part is proved. 
Now let us prove (5). From (4) we have  
         
        , , ,
, , ( 2
2
1
2 2 2
s dw s x s s b
ds s x s s a T r t x
k k
t
t
r
k
t
t
o
o

 
 



  
 
Taking the conditional mean we obtain  
                     
       
               }. | | { 2
]} | 1
| 1 [ | { 2 |
0 0
0
0 0 0
2 2 2
2
1
2 2 2 2








    
 
   
 


  

 

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ds s x E
ds s x E T T E r t x E
i t
t
t
i t
i t
t
t
r
k
i t
t
t
i t i t
o
o
o
 

  
 
 
 
Taking     } 2 max
2
1 T r T T  r,   {      K        we see that 
      i t t x E
0 |
2
               ds s x E r T T E K i t
t
t
i t
o
     
0 0 | 1 |
2 2 2
1     . 
Another appeal to Gronwall’s Lemma ensures that  
      i t t x E
0 |
2
      
   ds r T T
i t
Tt
o t e E K




2
0 1 |
2
1

  . 
 
Now it is clear that (5) follows. The proof is complete. 
 
REFERENCES 
 
[1]  E.K.  Boukas,  Control  of  Singular  Systems  with  Random  Abrupt  Changes, 
Communications and Control Engineering Series. Springer-Verlag, Berlin, 2008. 
[2]  G. Da Prato, J. Zabczyk, Stochastic Equations in Infinite Dimensions, University Press 
Cambridge, 1992.  
[3]   M. D. Fragoso, J. Baczynski, Optimal Control for Continuous Time LQ - Problems with 
Infinite  Markov  Jump  Parameters,  SIAM  Journal  on  Control  and  Optimization, 
40(2001), 270-297. 
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
430 
[4]  M. D. Fragoso, J. Baczynski, Stochastic versus Mean Square Stability in Continuous-
Time  Linear  Infinite  Markov  Jump  Parameter  Systems,  Stochastic  Analysis  and 
Applications, 20 (2002). 
[5]  A.  Friedman,  Stochastic  Differential  Equations  and  Applications,  vol.  I,  Academic 
Press, New York, 1975. 
[6]  L. Gawarecki, V. Mandrekar, Stochastic Differential Equations in Infinite Dimensions 
with  Applications  to  Stochastic  Partial  Differential  Equations,  Springer,  Berlin 
Heidelberg, 2011.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
431 
DEVELOPING A MATHEMATICAL MODEL FOR THE PROCESS OF 
PURIFYING INDUSTRIAL RESIDUAL WATERS IN THE 
SEDIMENTARY TANKS 
 
dr. profesor inginer Valeria Victoria IOVANOV , Colegiul Tehnic Nr. 2 Tg-Jiu, 
miciovanova@yahoo.com  
 
  Abstract:   The model is reformulated by means of stochastic differential equations, and the parameters 
are estimated by a maximum likelihood method.  
  VESILIND (1968; 1979) proposed a sludge settling velocity model of exponential form. During recent years, 
several refinements to the original model have been proposed, see e.g. GRIJSPEERDT et al. (1995); DUPONT 
and  DAHL  (1995)  EKAMA  et  al.  (1997).  In  the  proposed  models  several  layers  in  the  settling  tank  are 
incorporated to permit the calculation of SS profiles over the tank depth and predict the SS concentrations in the 
return sludge and in the effluent from the clarifier.  
  Here, the original VESILIND model combined with a simple suction depth model is used to enable prediction 
of the SS concentration in the effluent from the tank. In order to make the model applicable for real time control 
purposes, only two layers of variable height in the tank are considered. 
 
Keywords: matrix, vectorial, differential, non-convex. 
 
    In [2] we have introduced a mathematical method concerning the important process in 
the  thanks  treating  residual  waters.  The  diagram  below  shows  the  flow  through  the 
sedimentary  thanks  and  decantation  apparatus.  The  black  and  grey  lines  show  the  flow 
through the sedimentary thanks. 
    Having the notations in paper [2], in order to use the matrix notations we will introduce 
the state vector X, the supply vector U and the observation vector Y: 
X = [Xssm1, Xssm2, dsb1, dsb2] 
                                                     U = [fp, m1, m2, Xssr, Qi, Qr]                           (1) 
Y = [Xssm2, Xssoutat] 
    Using the vectorial function f(X,U,t) the comparisons, between masses and the equations 
for the depth of the sediment stratum can be illustrated in a differential vectorial equation 
‖non-convex ‖ (a = ʱ or b = β) like the following: 
 
Fig.1. 
               ) , , (
) (
t
dt
t d
U X f
X
                 (2) 
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    We say that a differential equation is ―a-convex‖ if it is as it follows. 
                      2 1 ) 1 ( P P
X
a a
dt
d
                           (3) 
where a  € [0, 1],  P1, P2  depend on X and contain in their expression constant values which 
describe the flowing process.  Observation: 
                         ) , , ( ) ( t t U X h Y                     (4) 
where h(X, V, t) contains notations (1) and (12) from [2]. 
    To  be  able  to  take  into  account  the  relativity  in  formulating  the  model  so  that  the 
maximum probability method (or the method of maximum verisimilarity) should be used in 
estimating the parameters, the stochastic ―acoustic‖ terms are introduced. 
    Thus, the ―a-convex‖ equation (a = ʱ or b = β) (2) turns into a ―a-convex‖ differential 
stochastic equation where the time equations which describe the comparison of the masses 
and the depths of the sediment strata in the sedimentary thanks, can be written as the so called 
differential equation ―Itô-a-convex‖ (Oksendal, 1995)  
                   ) ( ) , , ( ) , , ) ( t d t dt t t d w U X G U f(X X             (5) 
where the stochastic process w(t) is considered to be a Wiener standard vectorial process 
(Kloeden si Platen 1995 [1]). The function G(X,U,t) describes any input state or the variation 
depending on time, which is connected to the way the variation generated by the Wiener 
system enters the system. Here the matrix  G(X,U,t) is a constant diagonal matrix.  
    The measurements are described by equation 
                    












 
ss
ss
ss
ss
t




0 0 0
0 0 0
0 0 0
0 0 0
) , , ( G U X G
                    (6) 
    Covariance of Gdw (t) becomes: 
                      














   
2
2
2
2
0 0 0
0 0 0
0 0 0
0 0 0
'
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ss




G G
              (7) 
    The relativity of the observations is introduced in the observation equation. 
                       ) ( ) , , ( ) ( t t t e U X h Y                 (8) 
where e (t) represents the measurement error which is considered an acoustic sequence of 
Gaussian ―white noise‖  with an average value which is interdependent on w (t) and with 
matrix of covariance: 
               






) ( 0
0 ) (
)) ( (
2
2
2
t
t
t
ssoutat
ss


e V                  (9) 
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THE ASSESSMENT OF THE AMOUNT OF SOLID PARTICLES IN 
THE SEDIMENTARY TANKS AND THEIR  EFFLUENT 
 
dr. profesor inginer, Valeria Victoria IOVANOV , Colegiul Tehnic Nr. 2 Tg-Jiu, 
miciovanova@yahoo.com 
 
 
Abstract: When a stochastic state space model of a given system is formulated and measurements from the 
system are obtained, the parameters are to be estimated. Even though different approaches to the estimation 
problem are described in the literature (LJUNG, 1999), only the maximum likelihood method will be described 
here. 
The observations are considered as realizations of stochastic variables. The objective of the method is  to 
maximize the probability of the observations, i.e. when a maximum likelihood estimate of the parameters θ is 
found, no other parameters will result in a higher probability of the observed data.  
In  the  following  it  is  assumed  that  the  system  is  observed  at  regular  time  intervals  (i.e.  with  a  constant 
sampling time). To simplify the notation the time is normalized with the sampling time, and thus the time index 
belongs to the set 0,1, 2, ... , N, where N is the number of observations. In general every observation is a vector. 
 
Keywords: stochastic, vector, index, probability 
 
  The method used in order to estimate the parameters of the model (relations (5), (6) and 
(8) from [5]) is a maximum probability method for estimating the parameters in stochastic 
differential. 
  We will note with equations [5]. We will consider that the time index t belongs to set  
{0, 1, 2, …, N} where N represents the number of observations. 
                     ' ) 0 ( ), 1 ( ),..., 1 ( ), ( ) ( Y Y Y Y Y  

t t t                (1) 
where  ) (t

Y  is a vector and t the time, t €{ 0, 1, 2, …, N}, the probability function being the 
probability connection- density of all observations, the parameters being considered to be 
known: 
 
 
) / ) ( ( )) ( , ( ' θ Y Y θ N p N L  
                                              
 
) / ) 1 ( ( ) ), 1 ( / ) ( ( θ Y θ Y Y N p N N p                                  (2) 



 
N
t
p t t p
1
) / ) 0 ( ( )) ), 1 ( / ) ( ( ( θ Y θ Y Y            
  In  (2)  we  have  successively  applied  the  formula  of  conditioned  probability 
) B ( P ) B / A ( P ) B A ( P    in order to assess the probability function,  it is considered that all 
the conditioned densities are Graussiene. 
  Distribution  is  completely  characterized  by  mean  and  covariance.  Thus,  in  order  to 
parameterize the conditioned densities in (2) we will introduce the conditioned mean and 
covariance as it follows: 
               
 

 
   

θ Y Y Y ), 1 ( / ) ( ) 1 / ( ˆ t t E t t         (3) 
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 

 
   

θ Y Y R ), 1 ( / ) ( ) 1 / ( t t V t t                        (4) 
  It is to be mentioned that they correspond to the anticipation in a single step, respectively 
to the associated covariance. Furthermore, it is more convenient to introduce the error of the 
anticipation in a single step.: 
                  ) 1 / ( ˆ ) ( ) (    t t t t Y Y ε                    (5) 
  In order to calculate this prediction and its variation in a single step an extended Kalman 
filter is used. 
  The extended Kalman filter consists of the system’s alignment (5) in paper [1] around 
the current estimation of the state (Gelb 1974). 
  From relations (2) – (4) the conditioned probability function becomes (if Y (0)) 
                       

 

 
N
t
m t t N L
1
2 / 1 2 / )) 1 / ) ( det ) 2 (( )) ( , ( R Y θ  · ))) ( ) 1 / ( )' (
2
1
exp(
1 t t t t ε R ε
                   (6) 
  Where m is vector Y’s dimension. 
  The logarithm of the conditioned probability function is usually given by the relation: 
                   


  
N
t
t t N L
1
) 1 / ( det (log
2
1
)) ( ; ( log R Y  const t t t t   
 )) ( ) 1 / ( )' (
1ε R ε                (7) 
  The estimation of the maximus probability (ML estimation) is set  ˆ, which maximizes 
the probability function. As generally it isn’t possible to optimise the probability function, a 
numerical method must be used. A reasonable method is the quasi Newtonian method.  
  An estimation of the parameter’s relativity is obtained by the fact that the estimating 
factor ML of maximum probability is normally distributed with the mean θ and covariance  
                                                                    D = H
-1                              (8) 
  Where matrix H is given by 
                                                      





 

 

)) ( ; ( log
2
N L E h
k l
lk Y θ
 
                                      (9) 
  An estimation of D is obtained by calculating the equation between the observed value 
and the expected one by taking into account: 
                                   









 

 
    ˆ |
2
)) ( ; ( log N L h
k l
lk Y θ                                          (10) 
  The relation above can be used to estimate the parameters’ variables. The variable serves 
as basis for calculating the test values t, assuming that the parameter equals 0. 
  Finally, the correlation between the parameters’ estimations is based on the matrix of the 
covariance in (6). 
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AN EXTREMAL REGION FOR UNIVALENT FUNCTIONS 
                                                
Professor, Miodrag IOVANOV, ‖Constantin Brâncuşi‖ University of Târgu –Jiu, 
miovanov@utgjiu.ro 
 
 
Abstract:   Let S be the class of functions f(z)=z+
2
2 z a + …,f(0)=0   ,     f′(0)=1 which are regular and 
univalent in the unit disk |z|<1. 
 For -1≤-a<0 a  1  ,a>0 we consider the equation: 
                    Re [(
2 2 a x  )   x f ] 0  , S f  ,   1 , 1   x  . 
Denote θ(x)= Re [(
2 2 a x  )   x f ].  
Because θ(0)=0 and θ( a)=0 it follows that there is     y (-a,0) such that θ′( y)=0 and  ) , 0 ( a z  such 
that . 0 ) (   z   
     The aim of this paper is to find min{y| θ′( y)=0}and max{z| θ′( z)=0}[3]. 
If  y  andz  is min{y| θ′(y)=0}, respectively max{z| θ′(z)=0} then for x< y  and x>z  the equation θ′( x)=0 does 
not have real roots. Since S is a compact class, there exists  . 
    This problem was first proposed by Petru T. Mocanu .We will determine   by using the variational method of 
Schiffer-Goluzin . 
 
 
  1. Let f є S be the extremal function for which  z  is attained, which: 
      Re[2     0 ] ) (
2 2
    z f a z z f z       (1) 
  Next we consider a variation of the function f given by Schiffer-Goluzin’s formula [1]: 
         f*(x)=f(x)+ λV(x; ζ; ψ)+ 0(λ
2), | ζ |<1, λ>0,        (2) 
ψ real number, where: 
     
f (x) f( )
V(x; ; ) e e f(x) [ ]
f(x) f( ) f ( )
xf (x) f( ) x f (x) f( ) 2 e [ ] e [ ]
x f ( ) 1 x f ( )
 
             

              
2
iψ iψ 2
2
iψ -iψ 2
     (3) 
  Next we consider a variation x
* of x: 
x
*=x+λh+0(λ
2), 
x
h 0

  
*
 
which satisfies the conditions: 
            |x
*|=x  and  Re[2
* x f
*(x
*)+(x
*2-a
2)f′
*(x
*)]=0.       (4) 
  We denote: 
            
f f(x),w f( ), f (x),m f (x),
V V(x; ; ),V V (x; ; ).
       
         X

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  By using (4) and (5) we obtain that the extremal function w=f( ) must satisfy  the 
following equation:  
           
     
  6
1
2 2 2
2 2
4
0
2
2 2 2 2 2 2
 


x x
t
w f
w l a x xf f l a x xf f
w
w k
k
k
 


    





  
   (6) 
where Re t0=Re t4=0, Re t1=Re t3 and t0, t1, t2, t4, depending of x,f,ℓ, and m. 
  2. It may be shown  that the extremal function w=f( ) maps the unit disk onto the entire 
w – plane slit along a finite number of analytic arcs. Let q=e
iθ be the point which is mapped 
into an end – point of a slit. The polinomial  t  
4
k
k
k=0
 has the double root  q.   It follows that 
the equation (6) may be written: 
                   
 
2
2 2 2 2 2 2 2 2 2
w f
w l a x xf f l a x xf f
w
w

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




  
=                         (7) 
         
   
2 2
2 2 2
1
2 1
 
  
x x
q r v i q iv u r v i q x
 
     
  
where u, v and r are real numbers and verifies: 
 
(1 2xcos x cos2 )[2x(vsin ucos ) x (v r)sin2 ]
2xsin (1 xcos )[v r 2x(usin vcos ) x (v r)cos2 ]
(1 x ) Ref,
2xsin (1 xcos )[2x(vsin ucos ) x (v r)sin2 ]
(1 2xcos x cos2 )[v r 2x(usin vcos ) x
        
           

        
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22
2
22
2
22 (v r)cos2 ]
Im[ (x a)(1 x ) ],
5x 4ax 3x 2a 2x(x cos ) N xm Re ,
(1 x )(x a) 1 2xcos x N
sin N xm
Im
1 2xcos x N




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   

        
    

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32
1
22
2
3
2
4



  (8) 
where: 
N 2x(v r)(usinθ vcosθ) 2[2(u v ) (v r )cos2θ]x
6(v r)(u ....... sinθ vcosθ)x 2(v r) x . ;
        
    
2 2 2 2 2
1
3 2 4  
N (v r) 4x(v r)(usinθ vcosθ) 2[2(u v ) (v r )c
....
os2θ]x
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         
    
2 2 2 2 2 2
2
3 2 4    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
438 
N 2x(v r)( vsinθ ucosθ) 2(v r )x sin2θ 2(v r)
(vsinθ ucosθ)x 4(v r)(vsinθ ucosθ) ........ x;
        
    
2 2 2
3
33  
N (v r) 4x(v r)(usinθ vcosθ) 2[2(u v ) (v r )c
...
os2θ]x
4(v r)(usinθ vcosθ)x (v r) x . .....
         
    
2 2 2 2 2 2
4
3 2 4  
  By (7) we obtain: 
               
    l a x f
l a x xf f
w
2 2
2 2
1
2
2
 
 
          (9) 
where   
q   1 , |1|<1,  u iv u r 2uv i
i(v r)
    


22
 
(1is root of equation  i(v-r)-2(u+iv)q +i(v+r)q
2
2 = 0) . 
  3. By integrating equation (7) we obtain that the extremal function w=f( )  is  given 
implicitly by the equation: 
 
 
 
                        (10) 
   
 
 
 
 
where: 
vr
k
vr



, 
q
y
k
q
 



, 
xq
x qk
 


2
2 , 
xq
xqk
 


2
2 , 
 
 l a x xf
a x l
s
2 2 1 2  
 
 ,   
(x q)(x q)
s
k(1 x )
 


2 2 , 
(x q)(x q)
s
k(1 x )
 


3 2 . 
  If we put  x   in (7) we obtain s1=s2. By using (9) and (10) we obtain: 
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The value of ρ, q, k, ˃, z, s1 and s2 which appear in (10) depend of u, v and r; (8) and (9) 
determine u, v and r as functions of θ, and θ is obtained from  (9) and  w′(0)=a2.  
  Thus  f  and  ℓ  being  known,  z and y   is  obtained  from  the  condition:  z =  max[z| 
φ′(z)=0], z = min[y| φ′(y)=0]. 
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PSEUDO ALGEBRAS BOOL APPLIED BL-ALGEBRAS 
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Abstract: In this article we study Boolean algebras in terms of Hilbert algebras and deductive systems 
 
Key words:  Boole algebras 
 
PSEUDO BL-ALGEBRA 
  
Definition  1  A  pseudo  BL-algebra  is  an  algebra  ( , , . , , 0,1) A       of  type  
(2,2,2,2,2,0,0)  satisfying the following conditions: 
  1 () psBL    ( , , ,0,1) A    is a bounded lattice; 
  2 () psBL    ( , ,1) A    is a monoid; 
  3 () psBL    a b c         a b c b a c        for any  a,b,c  A;  
  4 () psBL     ( ) ( ); a b a b a a a b          
  5 () psBL    ( ) ( ) ( ) ( ) 1 a b b a a b b a          for any  a,b  A . 
Operations   ,,   operations have priority higher than   ,   . 
Let  ( , , , , ,0,1) A
     a pseudo MV-algebra and let   ,?    two implications defined by: 
 x y y x
       (1) 
 x y x y
      (2) 
then  ( , , , , ,0,1) A       is a pseudo BL-algebra. 
For every pseudo BL-algebra we denote 
  ( ) { : } G A x A x x x           (3) 
  ( ) { : ( ) ( ) } M A x A x x x
          (4) 
Be  a  Boolean  algebra  which  contains  the  basic  components  of  distributive  lattice 
( ) ( , , ,0,1) L A A      of pseudo BL-algebra A . 
so   ( ) ( ( )) B A B L A    
 Theorem 2 Let   () A     set of ideals and a pseudo BL algebra A then we have the following 
equivalent statements: 
 (i) (  ( ), , , ,{1}, } AA       Boolean algebra is; 
(ii) Every ideal of A is principal for each  a  A    there is n  1    so that its 
a  ( ).
n BA    
Proof. 
(i)  () ii    Let I  () A    Boole algebra result   . I I A
   
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I know 
 (f 
/
1 f 1) ...   (f 
/
m  f  ) 0. m     (5) 
We denote by 
 f=f 1 ...   f  m        (6) 
 it follows that  
a=f 
m I           (7) 
We denote by 
f 
/ =f 
/
1 ...   f  m
/
        (8) 
it follows that 
 a=f 
/ .
m I
           (9) 
For  i  [1.. ] m    we f  f  i  si f 
/ f  i
/
  hence 
 f 
/ f    f  i    f  i
/
       (10) 
where 1  . im    
therefore 
(f 
/ )
m f    f 
/
1 f 1) ...   (f 
/
m  f  ) m     (11) 
ie 
(f 
/ )0
m f              (12) 
it follows hat 
(f 
/)
m  f  0.
m            (13) 
Shows that for  a,b  I   we have that 
 b  00 a b a                 (14) 
Let x  I    si b  I
    then x  1 b   . 
But 
 a=1  ( ) ( ) ( ) a a b a x a b a x a               (15) 
because   0. ba    
So 
a=x  (] a a x x a               (16) 
  as x  I  it follows that I  ( ]. a    
But a  (] I a I      . 
therefore (a]=I , as I  A    and I ideal    every ideal is principal in A. 
For a  A  and A Boole algebra it follows that 
 (a]  (a]  A
  (a]  () aA
           (17) 
 {xA    | x 
1
1 ( ) ...( ),
m n n
m a f a f       m  1 1, ,..., 0 m nn    ,  1,..., m ff  (a]  } A
    (18)   
but  
 
1
1 ( ) ...( ) 0
m n n
m a f a f         (19) 
 hence a  1 i f    ,1  . im    
   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
  Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
442 
But 
 a  ii f a f      (20) 
 ,for 1  . im    
Therefore  
a 
1 ...
11 ( ... ) ( ... )
m nn
mm f f f f
        a 
1 ... .
m nn    (21) 
but note n= a 
1 ... m nn    and 
  1 ( ... ) m ff    (a] 
            (22) 
therefore  
0 0 (
n n n a f f a f a         )
n a
    (23) 
it follows that  
f  a      (      )
n aa
    so   (
n a  )1
n a
      (24) 
which implies that   ( ).
n a B A    
"  "    show that   () A    Boole is algebra. 
I  () A    ,I  {1}
   . How do I show that the principal ideal I= (a] . 
As   ()
n a B A    it follows that 
 (     ) 1 (
n aa
        )
n a
  (a]={1}    ( (     ) ) 1 0.
n a
      (25) 
But   (
n a      ) a
   and  (     ) a
   so   0
n a    . As 0  I    it follows that I=A. 
 Remark  3 
I  () s DA    
We denote by 
D  0 {1} { :( ] {1}} D D x A x D
               (26) 
and a  , A    
(a]  { :( ] ( ] {1}}. x A x a
                 (27) 
If A is pseudo BL-algebra 
 D  { : 1, x A y x
      for any y  } D           (28) 
 and 
 (a]  { : 1}. x A a x
                 (29) 
 
CONCLUSIONS 
The  problem  addressed  is  the  current  approach  as  fuzzy  systems  underlying  artificial 
intelligence is implemented in the economic and industrial machines. 
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Abstract: In this article we study Boolean algebras in terms of ideals and filters that are used in this duality 
fuzzy logic mainframe systems. 
 
Key words: Boole algebras 
 
FILTERS AND IDEAL 
  
Theorem 1 Let A a pseudo BL-algebra and I  A    ideal.Atunci following statements are 
equivalent one:  
(i) (I,  , ,{1}, } A    Boolean algebra is 
(ii)  Boolean algebra A is finite in relation to the natural order 
Demonstratia: 
(i)  () ii    Let x  A    , Boolean algebra as I shall show that 
(x] 
  (x]=A.   (1) 
But 
 (x] 
  (x]={y  : A y x    (x]  { :( ] ( ] {1}} y A y x x
          (2) 
 So for each  y  A    we 
 ( ] ( ] {1} y x x                 (3) 
and  
() y x y x y y          (4) 
and 
y  (( ) ) y x y y         (5) 
so it follows that  
 
y  () y x y         (6) 
 We therefore 
 () y x y y          (7) 
Boolean algebra A is so and how I  A    result I  IA
   so 0  I  . I
   
I think x 1,..., n xI    with (x 1,..., ;0) n x  I 
  and how y  I    it follows that 
 y  (x 1,..., ;0) 1. n x       (8) 
How is pseudo BL-algebra it follows that 
 (x 11 ,..., ; ) ( nn xx    x 11 ... ) nn xx                (9) 
y(x 1,..., ;0) 1 ( n xy     (x 1 ... ) 0) 1 n x            (10) 
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  y (x 1 ... ) 1 n xy
      (x 1 ... ) 0 n x     x 1 ... n xy     (11) 
it follows that I=(a] where a=x 1 ... . n xI      
(ii)  () i    Suppose  that  A  is  finite  Boolean  algebra  so  that  any  ideal  is  principal. 
It should be noted that if 
D=(a]  , I a A    si D  {1} . DA
          (12) 
D  { : 1, x A y x
      for any y  }. a       (13) 
So for 
y  a    ,a  y
  a  1 a
         (14) 
 and how 
 y  1 a
                 (15) 
 then we 
a  ( ] 1 a
              (16). 
Get 
a  1 0 (0] a D A I
               (17) 
Boolean algebra is. 
 Corollary 2 Let A be a Heyting algebra and x  A    . 
 I think 
 I={y  :( ] ( ] {1}} A y x x            (18) 
Then {I,  , , ,{1}, } A      Boolean algebra is. 
Proof. 
Note that  I  () Irc A    . I think D  I    and 
D 
/ { : } M I D M I       ,D 
/ {1}. D     (19) 
Suppose by reductio ad absurdum that the relationship is not true ie there D 
//  I  so 
D 
/ D   D 
//   
/ D   D 
// / D    si  D/  =  { : ? } M I D M        (19) 
therefore we have two representations of  D/  which is a contradiction. In conclusion 
 D 
/ . DA        (20) 
 Theorem 3 
Be a filter  Psedo BL algebra B own then the following are equivalent: 
(i) F is ultrafilter 
(ii) For each x  \
n BF    we (x 
/)
n     F    
Dem. 
(i)  () ii    Suppose by reductio ad absurdum x 
n F    and how (x 
/)
n     F    it follows that 
0=x 
/ ()
nn xF          (21) 
,deci 0  F  prin urmare F=B ceea ce este contradictie cu ipoteza adica filtrul era propriu. 
So F  B    it follows that B=[F  {    x  }
n   ) which is a system of generators therefore have that 
0=x 1 ...
n  x 
n
n x 
n x 1 ...
n  x 
n
n  (x 
/)
n      (22) 
but 
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x 1 ...
n  x 
n
n F               (23) 
 and F is the filter so we have that (x 
/)
n     F  . 
(ii)  () i   Be another filter F  1   ,x 
n F  1  and so assume the contrary that F is not maximal. 
We have that F  F  1     let (x 
/)
n     1 \ FF     and (x 
/)
n     F    it follows that (x 
/)
n     1 F    
and how x  1
n F    we have that 0=x 
n (x 
/)
n     1 F    ie   1 FB    
 which is inconsistent with the fact that F is proper filter. 
 Lemma 4 Let A be a Hilbert algebra ,F  A   so 
 x,y  A      ( ) . x y F
          (24) 
Then   { : } ( ) s F x A x F D A

          (25) 
Proof.show that ( ) ( ) 0 ( 0) x y x y x y x y
                 (26) 
We have that 
(y ? ) 0 ( 0) ( x x y       (y  ) 0) x    (y  )0 x       (27) 
 (y  ) 0 0 x      (y ? ) 0 x   (y  ) 0. x          (28) 
Reverse inclusion. 
  ( 0) xy   (y )0 x                 (29) 
( ( 0)) xy (y  ) 0 [ ( 0)] 0 ( 0) 0. x y x y x y y                (30) 
 So in conclusion 
( ) ( ) 0 ( 0) . x y x y x y x y
                   (31) 
We have that 1  1 F

   .Let x,y  A    we have that  
x,x  yF

       x 
 ,(x  ) yF

       .            (32) 
So  x  ,
  x  yF

       ( ). s y F y F F D A
  
                 (33) 
 Corollary  5 Fie A o algebra Heyting si x  A   . 
Consider 
 I={y  : [ ) } { :[ ) [ ) {1}} A x y x y A x y x
          .      (34) 
Then {I,  , , ,{1}, } A      Boolean algebra is. 
Proof. Similarly as in the previous corollary. 
 
CONCLUSIONS 
The problem addressed is current as optimize fuzzy systems applied in intelligent systems. 
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USING MAPLE TO REPRESENT THE SUBGROUPOIDS OF 
TRIVIAL GROUPOID X×Z×X 
 
Mădălina Roxana BUNECI, University Constantin Brâncuşi of Târgu-Jiu, ROMÂNIA 
 
Abstract.  The purpose of this paper is to present a way for studying subgroupoids G of X×Z×X (and especially,  
restrictions of the groupoids associated to discrete dynamical system) taking advantage of  Maple symbolic and 
arbitrary precision computing capabilities. 
 
Keywords: trivial groupoid; discrete dynamical system; groupoid reduction; orbit; equivalence relation.  
.  
 
    1. INTRODUCTION 
 
  In [3] we established necessary and sufficient conditions for a subgroupoid G of the 
trivial groupoid XZX to be associated with a discrete dynamical system (X,). For the case 
of a finite set  X we provided Maple procedures for testing if the subgroupoid G of X×Z×X 
arises from a discrete dynamical system and if the answer is positive to find all the time 
evolutions  with the property that G(X,)G. The approach used in this paper to represent 
the data of  a subgroupoid G of XZX allows us to treat the case of  a general set X. More 
precisely, we prove that a subgroupoid G of XZX is characterized by the set X and two 
functions f : XX and k :XZ. We shall use the notation and terminology from [1] and [3]. 
 
  2. SUBGROUPOIDS OF  XZX DEFINED IN TERMS OF FUNCTIONS 
 
In [3] we proved that any subgroupoid G of XZX with G
(0) = X can be obtained using 
an equivalence relation R on X and  a family {ku,v}(u,v)R of integer numbers satisfying the 
following conditions   
1.  ku,u0 for all uX. 
2.  For all equivalent elements u,v,wX,  if ku,u ≠ 0, then ku,v + kv,u = ku,w (mod ku,u), else 
ku,v + kv,w = ku,w. 
R be the principal groupoid associated to G and  
G ={(u,ku,v+tku,u,v): (u,v)R, tZ} 
For each orbit [u] = {v: (u,v)R of R let us choose an element f[u] [u]. Then we can define 
the following functions 
        f: XX, f(u)=f[u] for all uX 
        k: XZ, k(u)=ku,f(u) for all uX 
  The functions f and k defined above have the following properties: 
1.  f(f(u))=f(u) for all uX. 
2.  k(f(u)) 0 for all uX.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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3.  If k(f(u)) ≠ 0, then k(u){0,1,…, k(f(u))-1}. 
Conversely, any functions f and k with the above properties define a subgroupoid G of 
XZX with G
(0) = X. Indeed, 
  R=(u,v): f(u)=f(v)} is an equivalence relation on X.  
Let us define 
    ku,u := k(f(u)) for all uX. 
    ku,v:=        ( k(u)+k(f(u)-k(v)) mod k(f(u)), if k(f(u))≠0 
                                           k(u) – k(v),                                if k(f(u)) = 0  
    for all (u,v)XￗX with the property that f(u)=f(v) and u≠v. 
It is easy to see that R and {ku,v(u,v)R satisfy the conditions at the beginning of this section, 
and consequently, define a subgroupoid G  
G ={(u,ku,v+tku,u,v): (u,v)R, tZ} 
of XZX with G
(0) = X. 
   
Example: Let :XX be a function and  
G(X, ) ={(u,k,v)X×Z×X: there is nZ such that n0, n+k0 and  
n+k(u) = 
n(v)}. 
Then G(X, ) is a subgroupoid of XZX having the same unit space [4] (G(X, )  is the 
groupoid associated with a discrete dynamical system (X,)).   
  The procedures  cycle_detection and   equiv_detection  are modified 
versions of those defined in [1] (since X is not necessarily finite) and  are based on Brent 
algorithm  [2]  to  solve  the  cycle  detection  problem  for  given  .  The  procedure 
cycle_detection returns [0,0] if the isotropy group of G(X, ) at 
u is  {(u,0,u)}. Otherwise the procedure  returns  [ku,nu] where ku  is the smallest 
positive number such that there is nN with the property that    u kn u   = 
n(u) and nu is the 
smallest value nuN with the property that    u u u n k   =   u u n  . The parameter nmax is used 
to  avoid  infinite  iterations  in  the  case  of    singleton isotropy  group  at  u  (nmax  is 
maximum value of ku we are looking for). 
> cycle_detection:=proc(phi,u,nmax) 
  local nu, ku, power, i, tortoise, hare; 
power:=1; ku:=1; 
tortoise:=u; 
hare:= phi(u); 
while(tortoise-hare<>0)  do 
if(power=ku) then 
tortoise:=hare; 
    power:=power*2; 
    ku:=0;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  end if; 
    hare:=phi(hare);  
    ku:=ku+1; 
    if(ku>nmax)then RETURN([0,0]) end if;   
end do; 
nu:=0; 
hare:=u; tortoise:=u; 
for i from 0 to ku-1 do hare:=phi(hare) end do; 
while(tortoise-hare<>0)do 
tortoise:=phi(tortoise); 
    hare:=phi(hare); 
    nu:=nu+1; 
end do; 
RETURN([ku,nu]) 
end proc; 
> cycle_detection(x->3.1*x*(1-x),0.5,1024);  
                               [2, 65] 
> ((x->3.1*x*(1-x))@@67)(0.5)=((x->3.1*x*(1-x))@@65)(0.5); 
                     0.7645665203 = 0.7645665203 
  Let us make some remarks. If  the isotropy group at u is {(u,kt,u):tZ} with k>nmax 
then the result of the above procedure is inexact. 
If the dynamical system (X,) exhibits chaotic behavior, the floating-point arithmetic 
causes rounding errors which are magnified after each iteration step (hare:=phi(hare)). Symbolic 
computations  allow  you  to  obtain  highly  accurate  results  (in  order  to  use  symbolic 
computation the previous command should be written  cycle_detection(x->31*x*(1-x)/10,1/2,1024)). 
Also in Maple approximations can be computed to any precision that is required (by setting 
the global variable Digits). However the symbolic computations and the theoretically "infinite 
precision" may need more time and space for a response.  
It is not difficult to modify the procedure cycle_detect to compute the iterations of phi 
using the algorithm introduced in [5] (an arbitrary-precision floating-point approach based on 
automatic error analysis). 
The procedure equiv_detection is similar to that define in [1] and it is applicable in the 
case of non-singleton isotropy groups. If the isotropy group of G(X, ) at u is {(u,0,u)} and 
v[u], then procedure equiv_detection0 returns [ku,v, nu,v], where ku,v is the unique integer 
number  with  the  property  that  there  is  nN  such  that    u
n k v , u   =  
n(v),  and  nu,v  is  the 
smallest natural value satisfying    u
v , u v , u n k    =    v
v , u n  .  
 
> equiv_detection0:=proc(phi,u,v,nmax) 
  local nuv,kuv,power,i,tortoise, hare,t_hare,test,p; 
test:=0;power:=1;kuv:=0; 
tortoise:=v; t_hare:=v;hare:= u; p:=0;  
while(tortoise<>hare) do 
hare:=phi(hare); t_hare:=phi(t_hare); 
p:=p+1;kuv:=kuv+1; 
if(power=kuv) then 
    tortoise:=t_hare; 
    power:=power*2; 
    kuv:=0;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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end if; 
if(p>nmax) then test:=1; tortoise:=hare end if; 
end do; 
if(test=1) then  
power:=1;kuv:=0; 
p:=0;tortoise:=u; t_hare:=u; hare:= v; 
while(tortoise<>hare) do 
hare:=phi(hare); t_hare:=phi(t_hare); 
p:=p+1;kuv:=kuv+1; 
if(power=kuv) then 
    tortoise:=t_hare; power:=power*2; kuv:=0; 
end if; 
if(p>nmax) then RETURN(NULL) end if;  
end do; 
hare:=v; tortoise:=u; else hare:=u; tortoise:=v;  
end if;  
nuv := 0; 
for i from 0 to kuv-1 do hare:=phi(hare) end do; 
while(tortoise<>hare)do 
    tortoise:=phi(tortoise); 
    hare:=phi(hare); 
    nuv:=nuv+1; 
end do; 
if (test=0) then RETURN([kuv,nuv]) else RETURN([-kuv,nuv+kuv]) end if 
end proc; 
 
> equiv_detection0(x->4*x*(1-x),0.81,0.82,1024); 
 
> equiv_detection0(x->4*x*(1-x),0.81,((x->4*x*(1-x))@@3)(0.81),1024); 
                                [3, 0] 
> equiv_detection0(x->4*x*(1-x),((x->4*x*(1-x))@@3)(0.81),0.81,1024); 
                                [-3, 3] 
For  implementation  in  Maple  of  the  reduction  to  A={x1,x2,…,xn}X  of  a  subgroupoid 
GX×Z×X characterized by functions f (satisfying f(A)A) and k we use a list L of three 
arrays:  
L[1] contains a sequence obtained by sorting A and eliminating the duplicates,  
L[2][i] = the index in L[1] of f(L[1][i]), i=1..n, 
L[3][i] = k(L[1][i]),  i=1..n. 
The  Maple  procedure  groupoid_data(phi)  constructs  the  list  L  for  the  reduction  to 
A={x1,x2,…,xn}X of  the groupoid G(X,) associated with a function :XX. 
 
> groupoid_data:=proc(phi,A,nmax) 
 local i,j,fj,cd,n,L1,L2,Lij,fin,x,x1,ax,test,_n,m; 
n:=op(2,op(2,A)); x:=array(1..n); 
for i from 1 to n  do x[i]:=A[i] end do;  
fin:=n-1; m:=1; 
while (m<>0) do  
m:=0;  
for i from 1 to fin do    Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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if x[i]>x[i+1] then  
ax:=x[i]; x[i]:=x[i+1]; x[i+1]:=ax; m :=i  
end if 
end do; 
fin:=m; 
end do; 
j:=1; 
for i from 1 to n-1 do  
if x[i]<x[i+1] then j:=j+1 end if  
end do; 
x1:=array(1..j); x1[1]:=x[1];j:=2; 
for i from 1 to n-1 do  
if x[i]<x[i+1] then x1[j]:=x[i+1]; j:=j+1 end if  
end do;  
n:=j-1; 
_n:=array(1..n); 
L1:=array(1..n); L2:=array(1..n); 
L1[1]:=1; cd:=cycle_detection(phi,x1[1],nmax); 
L2[1]:=cd[1];_n[1]:=cd[2]; 
for i from 2 to n do  
cd:=cycle_detection(phi,x1[i],nmax); 
_n[i]:=cd[2]; 
test:=0;  
j:=1;  
while j<i do  
fj:=L1[j];  
if(L2[fj]=cd[1]) then  
if (cd[1]<>0) then 
Lij:=equiv_detection(phi,x1[i],x1[fj],2*cd[1]+max(cd[2],_n[fj])); 
else  
Lij:=equiv_detection0(phi,x1[i],x1[fj],2*nmax); 
end if;  
if(Lij<>NULL) then  
L1[i]:=L1[fj]; L2[i]:=Lij[1];  
test:=1; j:=i  
end if  
end if; 
j:=j+1;  
end do; 
if test=0 then L1[i]:=i; L2[i]:=cd[1] end if 
end do; 
RETURN([evalm(x1),evalm(L1),evalm(L2)]) 
end proc; 
> Lphi1:=groupoid_data(x->4*x*(1-x),array([seq(i/100.,i=0..100)]),100): 
> seq([i,Lphi1[2][i],Lphi1[3][i]],i=1..op(2,op(2,Lphi1[1]))); 
[1, 1, 1], [2, 2, 0], [3, 3, 0], [4, 4, 0], [5, 5, 0], [6, 6, 0], [7, 7, 
0], [8, 8, 0], [9, 9, 0], [10, 10, 0], [11, 3, 1],[12, 12, 0], [13, 13, 0], 
[14, 14, 0], [15, 15, 0],[16, 16, 0], [17, 17, 0], [18, 18, 0], [19, 19, 
0],[20, 6, -1], [21, 3, 1], [22, 22, 0], [23, 23, 0],[24, 24, 0], [25, 25, 
0], [26, 26, 1], [27, 27, 0],[28, 28, 0], [29, 29, 0], [30, 30, 0], [31, 
17, 1],[32, 32, 0], [33, 33, 0], [34, 34, 0], [35, 35, 0],[36, 10, 1], [37, 
3, 0], [38, 38, 0], [39, 39, 0],[40, 40, 0], [41, 5, 1], [42, 42, 0], [43, 
43, 0],44, 44, 0], [45, 45, 0], [46, 2, 1], [47, 47, 0],[48, 48, 0], [49,   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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49, 0], [50, 16, -1], [51, 1, 1],[52, 16, -1], [53, 49, 0], [54, 48, 0], 
[55, 47, 0],[56, 2, 1], [57, 45, 0], [58, 44, 0], [59, 43, 0],[60, 42, 0], 
[61, 5, 1], [62, 40, 0], [63, 39, 0],[64, 38, 0], [65, 3, 0], [66, 10, 1], 
[67, 35, 0],[68, 34, 0], [69, 33, 0], [70, 32, 0], [71, 17, 1],[72, 30, 0], 
[73, 29, 0], [74, 28, 0], [75, 27, 0],[76, 26, 0], [77, 25, 0], [78, 24, 
0], [79, 23, 0],[80, 22, 0], [81, 3, 1], [82, 6, -1], [83, 19, 0],[84, 18, 
0], [85, 17, 0], [86, 16, 0], [87, 15, 0],[88, 14, 0], [89, 13, 0], [90, 
12, 0], [91, 3, 1],[92, 10, 0], [93, 9, 0], [94, 8, 0], [95, 7, 0], [96, 6, 
0],[97, 5, 0], [98, 4, 0], [99, 3, 0], [100, 2, 0], [101, 1, 0] 
 
 
 
3.  USING MAPLE TO STUDY SUBGROUPOIDS OF  X×Z×X 
   
  In  this  section  we  provide  some    example  of    Maple  procedure  for    studying  a 
subgroupoid G of X×Z×X.  
  The procedure orbits displays the graph of the equivalence relation (principal groupoid) 
associated with the groupoid G characterized by gd (list of three arrays). 
> orbits:=proc(gd) 
  local i,j,n,m,no,elem; 
n:=op(2,op(2,gd[1]));  
no:=gd[2][1]; 
for i from 2 to  n do  
if gd[2][i]>no then no:=gd[2][i] end if  
end do;  
elem:=array(1..n*n);  
m:=0;  
for i from 1 to n do  
m:=m+1;  
elem[m]:=rectangle([i-1,i],[i,i-
1],color=COLOR(HSV,gd[2][i]/no,1.,1.));  
for j from i+1 to n do  
if gd[2][i]=gd[2][j] then  
m:=m+1;  
elem[m]:=rectangle([i-1,j],[i,j-
1],color=COLOR(HSV,gd[2][i]/no,1.,1.)); 
m:=m+1;  
elem[m]:=rectangle([j-1,i],[j,i-
1],color=COLOR(HSV,gd[2][i]/no,1.,1.));  
end if 
end do  
end do; 
RETURN(display(seq(elem[i],i=1..m),axes=none,style=patchnogrid)) 
end proc; 
 
> orbits(groupoid_data(x->4*x*(1-x),array([seq(i/100.,i=0..100)]),100));   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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The procedure compute_kuv returns  ku,v (the smalest integer number with the property that 
there is nN such that    u
n k v , u   = 
n(v)) using  
ku,u := k(f(u)) for u = xi=xj 
    ku,v:=        ( k(u)+k(f(u)-k(v)) mod k(f(u)), if k(f(u))≠0 
                                           k(u) – k(v),                                if k(f(u)) = 0  
    for u = xi and v=xj (i≠j) 
 
> compute_kuv:=proc(gd,i,j) 
  local kij; 
if gd[2][i]<>gd[2][j] then RETURN(NULL) end if;  
if i=j then  
kij:=gd[3][gd[2][i]]  
else  
if gd[3][gd[2][i]]<>0 then  
kij:=irem(gd[3][i]+gd[3][gd[2][i]]-
gd[3][j],gd[3][gd[2][i]]) else  
kij:=gd[3][i]-gd[3][j]  
end if; 
end if  
end proc; 
> compute_kuv(groupoid_data(x->4*x*(1-
x),array([seq(i/100.,i=0..100)]),100), 2, 100); 
0 
The procedure  iso_k returns an one-dimensional array containing the indices of the units 
uA={x1,x2,…,xn}X with the property that the isotropy group at u is {(u,kt,u),tZ}.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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> iso_k:=proc(gd,k) 
 local a1,a2,i,n,j; 
n:=op(2,op(2,gd[1])); 
a1:=array(1..n); 
j:=0; 
for i from 1 to n do 
if gd[3][gd[2][i]]=k then j:=j+1;a1[j]:=i end if 
end do; 
a2:=array(1..j); 
for i from 1 to j do a2[i]:=a1[i] end do; 
RETURN(evalm(a2)) 
end proc; 
> iso_k(groupoid_data(x->4*x*(1-x),array([seq(i/100.,i=0..100)]),100,1); 
                         [1, 26, 51, 76, 101] 
Thus for u{0, 0.25, 0.5, 0.75, 1} the isotropy group at u isomorphic to Z. 
 
Assuming that the isotropy groups at uA of the groupoid G(X,)|A are not singleton, 
the procedure saturation  constructs a set S satisfying the properties: AS and (S)S. 
 
saturation:=proc(phi,A,nmax) 
local n,m,i,j,_k,_n,cd,sat; 
n:=op(2,op(2,A));_k:=array(1..n); _n:=array(1..n);m:=0; 
for i from 1 to n do  
cd:=cycle_detection(phi,A[i],nmax); 
_k[i]:=cd[1];_n[i]:=cd[2]; 
if (_k[i]<>0) then m:=m+_k[i]+_n[i]; 
else m:=m+nmax+1 
end if; 
  end do; 
    sat:=array(1..m); m:=0; 
    for i from 1 to n do 
      m:=m+1;sat[m]:=A[i]; 
      if _k[i]<>0 then  
        for j from 1 to _k[i]+_n[i]-1 do  
          m:=m+1; sat[m]:=phi(sat[m-1])  
        end do; 
      else 
        for j from 1 to nmax do  
          m:=m+1; sat[m]:=phi(sat[m-1])  
        end do; 
      end if 
    end do; 
    RETURN(evalm(sat)) 
end proc; 
 
However the dimension of the array returned by the procedure saturation could be 
appreciably larger then the dimension of A. 
 
> iso_k(groupoid_data(x->3.2*(1-
x)*x,array(1..9,[seq(i/8.,i=0..8)]),100),0);   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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[ ] 
> op(2,op(2,saturation(x->3.2*x*(1-
x),array(1..9,[seq(i/8.,i=0..8)]),100))); 
212 
Furthermore all procedures provided in [3] can be modified according the representation of 
the groupoid data used in this paper.  
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ABSTRACT.  This  material  is  studying  MV-algebras  and  BL-algebras  in  terms  of  applicability  in 
Boole.Algebrele Boole algebra expanded use in fuzzy logic. 
 
 
MV-algebras 
 
Definition   1 
An MV algebra is an algebra     , , ,0 A      of type (2, 1,0) which satisfies the following 
equation: 
      1 MV x y z x y z       
  2 ; MV x y y x     
  3 0; MV x x   
  4 ; MV x x
   
  5 0 0 ; MV x
   
     6 MV x y y y x x
        
for all  x,y,z  A. 
Notice  that  the  axioms  MV1 MV3  establish  that    , ,0 A   abelian  monoid  is  a. 
 
Remark 1  If we put y = 0 MV 6  we obtain 
4 0 , so, if 0 0 then   for all  . So, the axiom MV   x x x x x A
            
**
4 s equivalent to (MV ) 0 0

  . 
To simplify the observations, an MV algebra of type     , , ,0 A     the crowd will refer only 
to  support  ,  A.  
n  MV  algebra  is  regular  if  it  is  supported  only  by  a  unit.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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In an MV algebra of type A we define a constant and auxiliary operation   ,       and    as 
follows: 
1 0 ,
        , x y x y
           , x y x y x y
           , x y x y
     for all x, y   A 
. 
We consider the operation * more about than any other operation and    more about / more 
connected than   and     a. 
 
Remark 2 Let A be an MV algebra of type     , , ,0 A     andi x,y,e  A    we have: 
 
(  ) e x e y
       (  ) e x e y
         (1) 
 
 (  ) ( ) e x e y
        (  ) ( ) e x e y
       (2) 
 
( ) 1 ( ) e x y e x y
            (  ) ee
      (3) 
 
[( ) ] [( ) ] e x y e e x y e
                 (4) 
 
[( ) ] ( ) e x y e e x y
                 (5) 
 
Customize 
Let y= ex
   
 
(  ) ( ) 1 . e x e e x e e
                (6) 
 
Remark 3 Let A be an MV algebra x,y,e  A   we have: 
 
0=0  ( ) ( ) ( ) x y e e x y
              (7) 
 
( ) ( ) [ ( )] e x e y e x o e y
                 (8)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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( ) [( ) ( )] e x e e e y
                (9) 
 
( ) [( ) ( )] e x e e e x e y
               (10) 
 
( ) ( ) [( ) ( )] e x e e y e e x e y
                (11) 
 
Theorem 4 Let A be an MV algebra and x,y  A    ,e  () BA   then we have: 
 
( ) 0 e x e y
              (12) 
 
Pr . oof  
Be solved using Remark 4. 
Corollary 5 Let A be an MV algebra and x,y  A  ,e  ( ). B A If    x=y=e  () BA   relationship 
to Theorem 5 is true. 
Proof. 
Suppose it were true, then   
 
( ) 0 0 0 1 0 e e e y e e e e
                 (13) 
 
1 0 1 0 e                  (14) 
 
Contradiction. 
Remark 6 Let A be an MV algebra x,y,e  A    we have: 
 
( ) ( ) ( ) e x y e x y y e x y y
                          (15) 
 
( ) ( ) ( ) ( ) ( ). e x e y y e x e y y y             
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Remark 7 Let A be an MV algebra x,y,e  A    we have: 
 
[( ) ( )] {[(( ) ] [( ) ( ) ] e e x e y e e x e y e x
                  (16) 
 
( ) ( ) e e x e y e x                    (17) 
 
 e 
2 . e x e e y x e x e y x e x y                  (18) 
 
Theorem 8 Let A be an MV algebra x,y,e  A    ,e  () BA    we have: 
 
2 ( ) ( ) ( ) . e x e y y y e x y                   (19) 
 
 
Proof. 
result from Remarca 7 and Remarca 8. 
Corollary 9   Let A be an MV algebra x,y,e  A   putting x=y=e . 
In Theorem 9 it remains true. 
Proof. 
evaluate 
 (e  ) ( ) ( ) . e e e e e e e e e e e              (20) 
 
The other member of the equality of Theorem 9 is 
 
e 
2 . e e e e e e e e              (21) 
 
Corollary 10  Let A be an MV algebra x,e  () BA    ,x=e si y  A    then 
 
 (e  ). y y y e y                (22) 
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Proof. 
(e  ) ( ) ( ) ( ) ( ) ( ) e e y y y e e y y y e e e y y y                      (23) 
e  ( ) ( ) . e y y y e y y y                       (24) 
So , 
e 
2 . e y e e y e y                     (25) 
Theorem 11 Let A be an MV algebra ,  () e B A    ,x,y  A   
    ( ) [( ) ( )] e x y e e x e y
                       (26) 
Proof.Show that 
( ) ( ) x y x z y z
       ,  zA                   (27) 
I think z  () x y x z x y y z
                     (28) 
( ) 0 x z x z y y z z y y z
                        (29) 
z y y z                        (30) 
On the other hand, we have 
(e  ) [( ) ( )] x e x e y e y y
            (31) 
e  [( ) ( )] . e x e y x y
             (32) 
Corollary 12 Let A be an MV algebra ,e  () BA    si y=e then check Theorem 12. 
Proof. 
( ) [( ) ( )]. e e e e e e e e
           (33) 
Corollary 13 Let A be an MV algebra ,e  () BA    si e  1. e
  
If  y=e then check Theorem 12. 
Proof. 
( ) 1 . e e e e e
             (34) 
On the other hand, we have 
[( ) ( )] 1 . e e e e e e e
            (35) 
Theorem 14  Let A be an BL algebra . If e  () BA   then  
[e  ( )] ( ) e e e e e e
                (36) 
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Proof. 
If  L  () BA      L L L
     
putting L=e  () ee
     achieve the desired result following Remark 14. 
Remark 15 et A be an BL algebra  .If  e  () BA    then  
e  ( ) ( ) ( ) e e e e e e
             (37) 
Proof. 
Let y= ee
            (38) 
y e e y e e
y e e y e e

    
    
        (39) 
It follows that 
  ( ) ( ) e y e e e e
              (40) 
On the other hand 
 ( ) ( ) . e e e e e y
            (41) 
show that e  1 e  
We know that  e  1. e  Show that 
1   e  1. e e e e e             (42) 
Show that 
e  ( ) 1. e e e e e e e e
               (43) 
  If 
  ( ) 1 [( ) ] [( ) ] 1 e B A e e e e e e e e
                   (44) 
It follows that  
( ) 1 e e e
        () e e e
             (45) 
and 
( ) 1 . e e e e e e
                   (46) 
Also as e  e
    e 
  si e  e 
 e  It follows that  
e  () ee
    (47) 
 and 
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 e  . ee
      (48) 
So e  () ee
    and e  . ee
   
Corollary 16 If A is a BL algebra and e  () BA   then 
 e  e
  e 
.  (49) 
Theorem 17 
Let A be an algebra and BL e  () BA    then 
 [e  ( )] ( ) ( ) e e e e e e
          (50) 
Proof. 
If L  () BA     
2 . LL  Putting L=e  () ee
       and considering the first part of Theorem 
15 we obtain the desired result. 
 
CONCLUSIONS 
The material has great resonance in Fuzzy systems used in robotics. 
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Abstract.  This  material  is  studying  MV-algebras  and  BL-algebras  in  terms  of  applicability  in  Boole 
algebra.Boole algebras expanded use in fuzzy logic. 
 
Pseudo MV-algebras 
 
We consider an algebra   ( , , , ,0,1) A
     of type  (2,1,1,0,0).  
We define: 
  () y x x y
       consider that the operation   takes precedence over surgery   . 
 Definition 1 A pseudo MV-algebra is an algebra   ( , , , ,0,1) A
     of type  (2,1,1,0,0)  
satisfying the following axioms: 
  1 () psMV     ( ) ( ) ; x y z x y z        
  2 () psMV     0 0 ; x x x       
  3 () psMV     1 1 1; xx       
  4 () psMV    1 0;1 0;
    
  5 () psMV    ( ) ( ) ; x y x y
           
  6 () psMV     ; x x y y y x x y y y x x
                 
  7 () psMV     ( ) ( ) ; x x y x y y
       
  8 () psMV    () xx
  , for all   ,, x y z A   . 
We denote a pseudo MV-algebra   ( , , , ,0,1) A
     the universe A . 
We define two implications corresponding to the two negations: 
  : x y x y
      si   : x y y x
     
for all   , x y A   . 
A pseudo MV-algebra is non-trivial provided that the universe have more than one item. 
 Remark 2 
Let a,b  () BA     
And a=b ab
         (1) 
  a b a
       a=b . aa
      (2)   
 Theorem 3 Let A be a pseudo MV algebra.  
If e  () BA    then 
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1=(e  ) ( ) ( ) e e e e e e
                (3) 
1=(e  ) ( ) ( ) ( ) e e e e e e e e
             (4) 
 Remark 4  
In the same conditions as in Theorem 3 we have that: 
  () e e e e e
        (5) 
  () e e e e e
     (6) 
Denote y= () e e e
      (7) 
 e e y e y e
         (8) 
Dar  e e y
       e  ye
    (9) 
So () e e y e
           (10) 
Show that () e e e y
          (11) 
Therefore  
  ( ) ( ) ( ). e e e e e e e
         (12) 
Proof of Theorem 3: 
Applying the four outstanding results and building on gender   1 ee
    , the left term is 
equal  
(  )( ee
       ) 1. ee
       (13) 
The term on the right of equality in Theorem 3 becomes 
 
( ) ( ) ( ) ( ) ( )
( ) ( ) ( )
e e e e e e e e e e
e e e e e e
  
  
  
   
     
  
  (14)  
 ( ) ( ) ( ) . e e e e e e
             (15) 
 Theorem 5  Let A be a pseudo MV algebra. If e  () BA    and e  ee  then 
   ( ) ( ) ( ) e e e e e e e
               (16) 
 Remark 6 Show that the same conditions as the previous theorem we have equality 
e  () e e e e
               (17) 
 or 
 e  () e e e e
               (18) 
On the other hand, if we denote by  y=e  () ee
   we have that 
y  () ee
    (19) 
 and 
y  () ee
        (20) 
     () e
  y  e    and e
  y  e
        (21) 
so  e
  y  . ee
         (22) 
We have shown that 
y= ( ) ( ) ( ). e e e e e e
             (23)  
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Returning to the notation  
(e  ) e e e e
              (24) 
And 
 (e  ). e e e e
           (25) 
Proof of Theorem 5: 
e  (e  ) e
   e  [ ( )] e e e
      e  ( ). ee
        (26) 
Evaluate the expression 
 e  (e  ) [( ) ( )] e e e e e e
               (27) 
  ( ) ( ) e e e e e
                 (28) 
 ( ) ( ) [( ) )] ( ) e e e e e e e e e
                    (29) 
  ( ? ) ( ). e e e e
                (30) 
 Theorem 7 Let A be a pseudo MV algebra. If e  () BA    si e ?ee   then 
  () e e e e e
         (31) 
 Proposition  8 We have the following expressions true: 
 
  () e e e e e
          (32)  
  () e e e e e
         (33) 
Denote 
 y=  () e e e
         (34)  
 e e y e e y
               (35) 
 e e y e e y
            (36)  
So  . e e e y
           (37) 
Show that 
() e e e y
          (38) 
Get 
( ) ( ) ( ). e e e e e e e
          (39) 
The proof of Theorem 7: 
() e e e
    e  (   e  ( )) ee
        (40) 
  ( ) ( ) e e e e
        ( ). e e e
       (41) 
Processed expression 
  ( ) ( ) ( ) e e e e e e e
               (42) 
  ( ) ( ) e e e e
            (43) 
(  ) ( ) ( ) ( ) e e e e e e e
               (44) 
  ( ) 0. e e e e e
            (45) 
Pseudo BL-algebras 
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 Definition  9  A  pseudo  BL-algebra  is  an  algebra  ( , , . , , 0,1) A      of  type  
(2,2,2,2,2,0,0)  satisfying the following conditions: 
  1 () psBL    ( , , ,0,1) A    is a bounded lattice; 
  2 () psBL    ( , ,1) A   is a monoid; 
  3 () psBL    a b c          a b c b a c        for all  a,b,c  A;  
  4 () psBL     ( ) ( ); a b a b a a a b          
  5 () psBL    ( ) ( ) ( ) ( ) 1 a b b a a b b a         for all   , a b A   . 
operations   ,,   operations have priority higher than   ,   . 
Let  ( , , , , ,0,1) A
    a pseudo MV-algebra and let   ,    two implications defined by: 
 x y y x
       (46) 
 x y x y
      (47) 
Then 
  ( , , , , ,0,1) A      is a pseudo BL-algebra. 
For every pseudo BL-algebra  A denote 
  ( ) { : } G A x A x x x         (48) 
  ( ) { : ( ) ( ) } M A x A x x x
          (49) 
Let  () BA  a Boolean algebra which  contains  the basic components of distributive lattice  
( ) ( , , ,0,1) L A A     of pseudo BL-algebra A . 
So,  ( ) ( ( )) B A B L A    
 Theorem 10 Let A be an algebra and Pseudo BL a,b  A  we have the following statements 
true:  
(i) (a  ) b
      a  b
    (50) 
(ii) (a  ) b b a
         (51) 
Proof. 
(i) Show that 
 (a  ) 0 ( b
    a  )0 b
       (52) 
 (a  )0 b
    a  0 b
       (53) 
(a  ) 0] b
    a  0 b
        (54) 
(a  )0 b
    a  0. b
       (55) 
(ii) Show that 
 (a  ) 0 ( 0) b b a         (56) 
b  [   (a  ) 0] ( 0) ba         (57) 
a  [ b  (a  ) 0] 0 b          (58) 
(a  )0 b    (a  ) 0. b        (59) 
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 Theorem 11 Fie A o Pseudo BL algebra . Then we have the equivalent: 
 
e  () BA      () e e e e e
        (60) 
  
Theorem  12 
Let A be a pseudo BL algebra. Then we have equivalence: 
 
e  () BA      () e e e e e
           (61) 
 
 Remark 13 Taking a = b = e in Theorem 10, (i) obtain proof of the theorem 11. 
 Remark 14 Taking a = b = e in Theorem 10, (ii) we obtain the proof of Theorem 12. 
 
CONCLUSIONS 
 
The material has great resonance in fuzzy systems used in robotics because there is a pseudo 
BL-algebras expansion and pseudo MV-algebras 
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